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INTRODUCTION. 


The  first  part  of  this  little  book  consists  of  a list  of 
metals  and  acid  radicals,  together  with  their  most 
important  and  satisfactory  tests.  This  portion  of 
the  practical  work  should  be  carried  out  first  of  all, 
in  order  to  make  the  student  thoroughly  familiar 
with  the  various  reactions,  etc.  After  he  has  prac- 
tised the  tests  for  each  member  of  a group  ( e.g .,  the 
Hydrochloric  Acid  Group,  consisting  of  lead,  silver, 
and  mercurous  salts),  one  of  these  should  be  given 
him  as  an  ‘ unknown,’  to  be  detected  without  the 
aid  of  the  book.  This  will  enable  him  to  ascertain 
how  far  he  remembers  the  tests  for  one  group  before 
passing  to  the  next.  When  he  has  tried  the  re- 
actions for  every  metal  and  acid  radical,  the  student 
may  pass  to  the  detection  of  solutions  and  solids 
containing  a base  combined  with  an  acid,  consti- 
tuting what  are  known  as  Simple  Salts. 

The  following  general  hints  should  be  carefully 
borne  in  mind  when  commencing  the  analysis  of  a 
simple  salt : 

1.  Be  quite  sure,  before  trying  any  test,  that  your 
test-tubes  are  clean  ; it  is  as  well  to  rinse  them  out 
with  distilled  water  before  starting. 
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2.  When  examining  a solution,  do  not  take  more 
than  about  an  inch  in  the  test-tube  for  each  test. 

3.  When  using  a reagent,  add  first  a few  drops, 
notice  any  change,  and  then  in  each  case  add  a 
larger  quantity,  to  see  if  any  further  result  takes 
place. 

4.  If  the  substance  is  a solid,  do  not  at  first  take 
more  than  enough  to  just  cover  the  bottom  of  the 
test-tube,  boil  this  with  about  tw7enty  times  its  bulk 
of  water,  and,  if  it  does  not  dissolve,  boil  a similar 
amount  with  sufficient  hydrochloric  acid  to  fill  the 
tube  half  an  inch ; again,  if  this  does  not  effect 
solution,  use  nitric  acid  under  the  same  conditions. 
Eemember,  however,  in  the  latter  case,  that  the 
excess  of  nitric  acid  should  be  almost  entirely 
expelled  by  boiling  before  proceeding  with  the  tests. 

5.  In  trying  the  Flame  Tests  always  add  a little 
hydrochloric  acid  to  a portion  of  the  solution  or 
solid  before  placing  it  on  the  platinum  wire  in  the 
Bunsen  flame. 

The  notes  on  ‘ Preparations/  given  on  page  38, 
should  be  carefully  read  through  before  commencing 
this  part  of  the  practical  work. 

A summary  of  the  equations  representing  the 
reactions  given  in  the  book  will  be  found  on  page  54. 
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PRACTICAL  CHEMISTRY. 


SPECIAL  TESTS  FOR  THE  METALS. 

Group  A. 

Metals  precipitated  as  Chlorides  on  addition  of 
Hydrochloric  Acid. 

Lead  (Pb). 

1.  Hydrochloric  acid,  white  precipitate  (PbCl2), 

except  in  weak  solutions ; soluble  in  boiling 
water,  but  unaffected  by  addition  of  am- 
monium hydrate  (NH4OH). 

2.  Hydric  sulphide  (H2S)  gives  a black  precipi- 

tate (PbS).  This  precipitate  is  sometimes 
red  at  first. 

3.  Potassium  iodide  (KI)  gives  a yellow  pre- 

cipitate (Pbl2),  soluble  in  hot  water  con- 
taining a trace  of  nitric  acid  (HN03) ; re- 
precipitated, upon  cooling  the  solution,  in 
the  form  of  golden  spangles. 

4.  Potassium  chromate  (K2Cr04)  gives  a yelloio 

precipitate  (PbCr04),  soluble  in  potassium 
hydrate  (see  Bismuth). 

5.  Sulphuric  acid  (H2S04)  gives  a white  precipi- 

tate (PbS04). 
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Silver  (Ag). 

1.  Hydrochloric  acid  gives  a white  precipitate 

(AgCl),  insoluble  in  boiling  water,  but  dis- 
solving on  addition  of  ammonium  hydrate. 

2.  Potassium  hydrate,  grey-brown  precipitate 

(A&O). 

3.  Hydric  sulphide  gives  a black  precipitate 

(Ag2S). 

4.  Potassium  iodide  gives  a whitish-yelloio  pre- 

cipitate (Agl). 

5.  Potassium  chromate  gives  a crimson  precipi- 

tate (Ag2Cr04). 

Mercury  (as  Mercurous  Salts)  (Hg'). 

1.  Hydrochloric  acid,  white  precipitate  (HgCl); 

turns  black  on  addition  of  ammonium 
hydrate  owing  to  formation  of  mercurous 
chloramide  (NH2Hg2Cl). 

2.  Hydric  sulphide  gives  a black  precipitate 

(Hg2S). 

3.  Potassium  iodide  gives  a fincli-green  precipi- 

tate (Hg2I2). 

4.  Stannous  chloride  gives  a so-called  magpie 

precipitate  (white  changing  to  black),  con- 
sisting first  of  HgCl,  then  Hg. 

5.  Boiled  with  hydrochloric  acid  and  a strip  of 

bright  copper,  the  latter  becomes  coated 
with  silvery  deposit  of  mercury  which  vola- 
tilizes when  heated  in  a dry  tube. 
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Group  B. 

Metals  precipitated  as  Sulphides  by  Hydric  Sulphide 
in  the  presence  of  Hydrochloric  Acid . 

Mercury  (as  Mercuric  Salts)  (Hg"). 

1.  Hydric  sulphide  and  hydrochloric  acid, 

when  the  former  is  added  carefully,  pro- 
duce a precipitate  changing  from  luhite 
through  yellow  and  orange  to  black  (HgS). 

2.  Potassium  iodide  gives  a red  precipitate 

(Hgl2),  soluble  in  excess  of  either  solution. 

3.  Stannous  chloride  gives  a white  precipitatef 

changing  to  grey -black,  as  with  mercurous 
salts. 

4.  Potassium  hydrate  gives  a yellow  precipitate 

(HgO). 

5.  See  Mercurous  Salts,  No.  5. 

Bismuth  (Bi).  (Strong  solutions  of  BiCls  or 
Bi3N03  give  white  precipitates  (BiOCl  or  BiON03) 
with  water.) 

1.  Hydric  sulphide,  dark  brown  precipitate 

(Bi2S3),  insoluble  in  ammonium  sulphide, 
but  soluble  in  hot  nitric  acid. 

2.  Potassium  hydrate,  white  precipitate , in- 

soluble in  excess  (Bi(OH)3 
ish  on  boiling. 

3.  Potassium  chromate,  deep  yelloio  precipitate 

(Bi2(Cr04)3),  insoluble  in  potassium  hydrate 
(see  Lead). 

4.  Potassium  iodide,  brown  precipitate  (Bil3). 

Copper  (Cu). 

1.  Hydric  sulphide,  black  precipitate  (CuS), 

insoluble  in  ammonium  sulphide. 

2.  Potassium  hydrate,  blue  precipitate 


) ; turns  yellow- 
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(Cu(OH)2)  ; becomes  black  (CuO)  on  boiling 
with  excess  of  the  alkali. 

3.  Ammonium  hydrate,  greenish-blue  precipi- 

tate, soluble  in  excess  to  deep  blue  colora- 
tion. 

4.  Potassium  ferrocyanide  (K4FeCy6),  choco- 

late precipitate  (Cu9FeCy6). 

Antimony  (Sb).  (Strong  solutions  of  SbCl3  give 
white  precipitate  (SbOCl)  with  water,  soluble  in  tar- 
taric acid.) 

1.  Hydric  sulphide,  orange  - red  precipitate 

(Sb2S3),  soluble  in  ammonium  sulphide 
after  neutralizing  with  ammonia  to  prevent 
precipitation  of  sulphur.  Soluble  also  in 
hot  strong  HC1. 

2.  Potassium  hydrate,  white  precipitate  ( Sb203), 

soluble  in  excess. 

3.  Ammonium  hydrate,  white  precipitate , in- 

soluble in  excess. 

4.  Boiled  with  hydrochloric  acid  and  strip  of 

bright  copper,  gives  a violet -black  film  ; the 
latter,  dried  and  heated,  is  volatilized  as 
oxide. 

N.B. — In  tartar  emetic  (K(Sb0)C4H406)  tests 
No.  1 and  No.  4 only  succeed,  but  HC1  alone,  in  this 
case,  gives  white  precipitate , soluble  in  excess. 

Arsenic  (As)  (as  Arsenious  Acid  or  an  Arsenite). 

1.  Hydrochloric  acid  and  hydric  sulphide,  a 
yelloio  precipitate  (As2S3),  soluble  in  am- 
monium hydrate  and  in  ammonium  sul- 
phide. 

N.B.  — Hydric  sulphide  alone  gives 

yelloio  coloration. 
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*2.  Silver  nitrate  and  a drop  of  ammonium 
hydrate,  yellow  precipitate  (Ag3As03), 
soluble  in  excess  of  the  ammonia,  and  also 
in  nitric  acid. 

*3.  Copper  sulphate  and  a drop  of  ammonium 
hydrate,  Scheele’s  green  (CuHAs03),  soluble 
in  excess  of  ammonium  hydrate  to  a deep 
blue  solution. 

4.  Boiled  with  hydrochloric  acid  and  strip  of 
copper-foil,  a grey  deposit  (Cu3As2)  appears 
on  the  copper.  The  latter,  dried  and 
heated  in  a dry  tube,  yields  a sublimate 
of  arsenious  oxide  (As406),  consisting  of 
octahedral  crystals  (Beinsch’s  Test). 

Arsenic  (As)  (as  Arsenic  Acid  or  an  Arsenate). 

1.  Hydrochloric  acid  and  hydric  sulphide, 
usually  no  result  until  boiled  down  and 
second  addition  of  hydric  sulphide,  then 
yellow  precipitate  (As2S3  + 2S). 

*2.  Silver  nitrate  and  a drop  of  ammonium 
hydrate,  red-brown  precipitate  (Ag3As04), 
soluble  in  excess  of  the  ammonia  and  in 
nitric  acid. 

*3.  Copper  sulphate  and  a drop  of  ammonium 
hydrate,  greenish-blue  (CuHAs04),  soluble 
in  excess  of  the  ammonia  to  a deep  blue 
coloration. 

4.  Ammonium  nitro-molybdate  warmed,  yellow) 

precipitate. 

5.  Beinsch’s  test,  as  given  in  No.  4 for  ar- 

senious acid. 

* In  tests  2 and  3 the  addition  of  ammonium  hydrate  is  only 
necessary  when  dealing  with  arsenious  or  arsenic  acids. 
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Group  C. 

Metals  precipitated  by  Ammonium  Hydrate  and 
Ammonium  Sulphide. 

Aluminium  (Al). 

1.  Ammonium  hydrate,  white  gelatinous  pre- 

cipitate (Al(OH)3).  insoluble  in  excess  or 
in  ammonium  chloride. 

2.  Potassium  hydrate,  white  gelatinous  precipi- 

tate of  the  hydrate,  soluble  in  excess  as 
potassium  aluminate  (K20.A1203.3H20). 

3.  Sodium  phosphate  (Na2HP04),  white  pre- 

cipitate (A1P04),  insoluble  in  acetic  acid. 

4.  Heated  with  dry  sodium  carbonate  on 

charcoal,  moistened  with  cobalt  nitrate 
(Co(N03)2),  and  again  heated,  gives  a blue 
massy  known  as  Thenard’s  blue. 

Iron  (as  Ferric  Salt)  (Fe'"). 

1.  Ammonium  hydrate,  red  precipitate 

(Fe(OH)3),  insoluble  in  excess. 

2.  Ammonium  sulphide,  black  precipitate  (FeS), 

by  reduction. 

3.  Potassium  ferrocyanide,  Prussian  blue  pre- 

cipitate (Fe4(FeCy6)3). 

4.  Potassium  sulphocyanide,  blood-red  colora- 

tion , unchanged  by  hydrochloric  acid. 

5.  Potassium  ferricyanide,  olive  coloration . 

Iron  (as  Ferrous  Salt)  (Fe"). 

1.  Ammonium  hydrate,  greenish-white  precipi- 

tate (Fe(OH)2),  rapidly  darkening  from 
oxidation  until  it  becomes  brown(Fe(OH)3). 

2.  Ammonium  sulphide,  black  precipitate  (FeS). 

3.  Potassium  ferrocyanide,  pale  blue  precipitate 

(K2Fe2Cy6). 
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4.  Potassium  ferricyanide  (K3FeCy6),  dark  blue 

precipitate  (Fe3(PeCyg)2). 

5.  Potassium  sulphocyanide,  no  colour  unless 

traces  of  ferric  salts  are  present. 

Zinc  (Zn). 

1.  Ammonium  hydrate,  white  precipitate 
(Zn(OH)2),  soluble  in  excess ; then,  on 
addition  of 

2*  Ammonium  sulphide,  a white  precipitate 
(ZnS),  which  appears  yellow  from  the 
colour  of  the  reagent  if  added  in  excess. 

3.  Potassium  ferrocyanide,  a white  gelatinous 

precipitate  (Zn2FeCy6). 

4.  Potassium  ferricyanide,  a yellow  precipitate 

(Zn3(FeCy6)2). 

5.  Heated  on  charcoal  with  dry  sodium  car- 

bonate, moistened  with  cobalt  nitrate,  and 
again  heated,  gives  a green  mass. 

Gboup  D. 

Metals  precipitated  as  Carbonates  on  addition  of 
Ammonium  Hydrate , Ammonium  Chloride , and 
Ammonium  Carbonate. 

Barium  (Ba). 

1.  Ammonium  carbonate,  zuhite  precipitate 

(BaC03). 

2.  Potassium  chromate,  yellow  precipitate 

(BaCr04),  insoluble  in  acetic  acid. 

3.  Sulphuric  acid,  white  precipitate  (BaS04), 

insoluble  in  hydrochloric  acid. 

4.  Solution  with  hydrochloric  acid  on  platinum 

wire  gives  yellowish- green  coloration  to 
Bunsen  flame. 
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5.  Calcium  sulphate,  white  precipitate  (BaS04). 

6.  Ammonium  oxalate,  white  precipitate 

(BaC204). 

Calcium  (Ca). 

1.  Ammonium  carbonate,  white  precipitate 

(CaC03). 

2.  Potassium  chromate,  no  precipitate, 

3.  Sulphuric  acid,  no  precipitate. 

4.  Ammonium  oxalate,  white  precipitate 

(CaC204),  insoluble  in  acetic  acid. 

5.  Flame  test,  red  (see  No.  4 test  for  Barium). 

Metal  precipitated  by  Sodium  Phosphate  in  presence 
of  Ammonium  Chloride  and  Ammonium  Hydrate. 

Magnesium  (Mg). 

1.  Ammonium  chloride  + ammonium  hydrate 

+ sodium  phosphate,  white  crystalline  pre- 
cipitate (MgNH4P04). 

2.  Sodium  phosphate,  white  precipitate 

(Mg3P208). 

3.  Ammonium  hydrate,  white  precipitate 

(Mg(OH)2),  increases  on  warming  the 
solution. 

N.B. — This  precipitate  may  not  be  ob- 
tained if  free  acid  is  present. 

4.  Sodium  bicarbonate,  no  precipitate  until  the 

solution  is  boiled,  then  white  precipitate 
(MgCOg). 

5.  Heated  with  dry  sodium  carbonate  oh  char- 

coal by  blow-pipe  flame,  moistened  with 
cobalt  nitrate,  and  again  heated,  gives 

pink  mass. 
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Group  E. 


Potassium  (K). 

1.  Sodium  carbonate,  no  reaction  even  when 

boiled  (compare  Ammonium). 

2.  Flame  test,  after  moistening  with  hydro- 

chloric acid,  violet  colour,  which  appears 
red  when  viewed  through  cobalt  glass. 

3.  Concentrated  solutions  give  with  strong  solu- 

tions of  tartaric  acid  (H2C4H406)  a ivhite 
crystalline  precipitate  (KHC4H406),  in- 
creased by  the  addition  of  alcohol  and 
shaking,  or  by  rubbing  the  sides  of  the 
tube  with  a glass  rod. 

4.  Concentrated  solutions  give,  with  strong 

solutions  of  platinum  chloride  (PtCl4),  a 
yelloio  crystalline  precipitate  (2KCl.PtCl4), 
insoluble  in  alcohol — distinction  from 
sodium. 

Ammonium  (NH4). 

1.  Sodium  carbonate,  no  precipitate,  but  on 

warming  gives  off  ammonia  (NH3),  recog- 
nised by  smell,  and  by  turning  red  litmus- 
paper  blue  if  the  latter  is  held  in  the  gas. 

2.  Nessler’s  reagent  (Hgl2  + KI  + KOH)  gives 

a brown-red  precipitate . 

3 and  4.  Similar  reactions  to  Nos.  3 and  4 of 
Potassium. 

Sodium  (Na). 

1.  Sodium  carbonate,  no  reaction . 

2.  Platinum  chloride,  no  precipitate . 

3.  Tartaric  acid,  no  precipitate . 
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4.  Flame  test,  intense  yellow  colour , invisible 

through  cobalt  glass  (see  No.  2 test  for 
Potassium). 

5.  Like  most  metallic  salts,  sodium  salts  leave 

a white  residue  after  evaporating  to  dry- 
ness and  strongly  heating. 

TESTS  FOR  ACIDS. 

Group  A. 

Acids  or  Acid- Radicals  'precipitated  by  Soluble 
Barium  Salts. 

Sulphates  (Salts  of  Sulphuric  Acid,  H2S04). 

1.  Barium  chloride,  white  precipitate  (BaS04), 

insoluble  in  hydrochloric  acid. 

2.  Lead  acetate,  white  precipitate  (PbS04). 

3.  The  barium  sulphate  obtained  in  No.  1 can 

be  filtered  off  and  heated  strongly  on 
charcoal,  being  thus  converted  into  barium 
sulphide.  This,  placed  on  a piece  of  silver 
and  moistened  with  HC1,  gives  a black 
stain  (Ag2S). 

4.  If  the  original  solution  is  free  sulphuric 

acid,  a streak  made  on  paper  with  a glass 
rod  dipped  in  the  liquid  will,  on  drying, 

char  black. 

Carbonates  (Salts  of  the  hypothetical  acid,  H2C03). 

1.  Barium  chloride,  white  precipitate  (BaC03), 

disappears  with  effervescence  on  addition 
of  hydrochloric  acid. 

2.  The  gas  obtained  by  last  experiment,  if 

passed  into  lime-water  (Ca(OH)0),  will  turn 
the  latter  milky  from  formation  of  CaC03. 
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3.  Silver  nitrate,  white  precipitate  (AgC03). 

4.  Ferric  chloride,  reel  precipitate  (Fe(OH)3). 

5.  Solutions  of  normal  carbonates  of  the  alkalies 

are  strongly  alkaline . 

Phosphates  (Salts  of  Phosphoric  Acid,  H3P04). 

1.  Barium  chloride,  white  precipitate  (Ba3P208), 

soluble  without  effervescence  in  hydro- 
chloric acid. 

2.  Calcium  chloride, luhite precipitate  (Ca3P2Os), 

soluble  in  acetic  acid. 

3.  Warmed  with  ammonium  nitro-molybdate, 

gives  a yellow  precipitate . 

4.  A clear  solution  containing  magnesium  sul- 

phate + ammonium  chloride  + ammonia 
added  to  the  solution,  gives  a white  crystal- 
line precipitate  (MgNH4P04). 

5.  Silver  nitrate,  a yellow  precipitate  (Ag3P04). 

Oxalates  (Salts  of  Oxalic  Acid,  H2C204). 

1.  Barium  chloride,  white  precipitate  (BaC204), 

soluble  without  effervescence  in  hydro- 
chloric acid. 

2.  Calcium  chloride,  white  precipitate  { CaC204), 

insoluble  in  acetic  acid  (compare  Phos- 
phates). The  precipitate  dissolves  in  HC1, 
and  is  immediately  reprecipitated  by  am- 
monium hydrate. 

3.  A solid  oxalate,  heated  with  strong  sul- 

phuric acid,  does  not  char,  but  evolves 
carbonic  oxide  gas,  which  burns  with  a 
blue  flame  when  ignited  at  the  mouth  of 
the  test-tube. 

4.  Silver  nitrate,  a white  precipitate  (Ag2C204). 
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Tartrates  (Salts  of  Tartaric  Acid,  H2C4H406). 

1.  Barium  chloride,  ivhitc  'precipitate 

(BaC4H406),  soluble  without  effervescence 
in  hydrochloric  acid. 

2.  Calcium  chloride,  white  precipitate}  soluble 

in  hydrochloric  acid,  not  immediately  re- 
precipitated by  ammonium  hydrate. 

3.  If  a solid  tartrate  be  heated,  it  chars , and 

gives  off  an  odour  of  burnt  sugar . 

4.  A solid  tartrate,  or  a concentrated  solution, 

chars  strongly  when  warmed  with  sul- 
phuric acid,  and  gives  off  a mixture  of 
sulphur  dioxide,  carbon  dioxide,  and  car- 
bonic oxide  (compare  Oxalates). 

5.  Silver  nitrate  + sodium  hydrate  + sufficient 

ammonium  hydrate  to  just  dissolve  the 
precipitated  Ag20,  will,  on  warming,  pro- 
duce a silver  mirror  on  the  sides  of  the  test- 
tube. 


Group  B. 

Acid  Radicals  not  precipitated  by  Soluble  Barium 
Salts , but  precipitated  by  Silver  Nitrate. 

Chlorides  (Salts  of  Hydrochloric  Acid,  HC1). 

1.  Silver  nitrate,  white  precipitate  (AgCl),  in- 
soluble in  nitric  acid,  but  readily  so  in 
ammonium  hydrate. 

*2.  Shaken  with  chlorine-water  and  a little 
carbon  disulphide,  the  latter  remains  un- 
coloured. 

3.  Heated  with  manganese  dioxide  and  strong 
sulphuric  acid,  yields  yellowish- green  gas 
(chlorine),  recognised  by  smell  and  bleach- 
ing action  on  moist  litmus-paper. 
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4.  Lead  acetate,  white  precipitate  (PbCl2). 
Bromides  (Salts  of  Hydrobromic  Acid,  HBr). 

1.  Silver  nitrate,  yellowish-white  precipitate 
(AgBr),  insoluble  in  nitric  acid,  but 
gradually  soluble  in  ammonium  hydrate. 
*2.  Shaken  with  chlorine-water  and  carbon 
disulphide,  the  latter  turns  deep  orange 
colour  from  solution  of  free  bromine. 

3.  Heated  with  manganese  dioxide  and  strong 

sulphuric  acid,  evolves  brown  fumes  (bro- 
mine)— notice  the  smell. 

4.  Lead  acetate,  white  precipitate  (PbBr0). 

Iodides  (Salts  of  Hydriodic  Acid,  HI). 

1.  Silver  nitrate,  yellowish- white  precipitate 
(Agl),  insoluble  in  nitric  acid,  and  also  in 
ammonium  hydrate. 

*2.  Shaken  with  chlorine-water  and  carbon 
disulphide,  the  latter  turns  deep  violet 
colour . 

3.  Heated  with  manganese  dioxide  and  strong 

sulphuric  acid,  evolves  violet  fumes  (iodine) 
— notice  the  smell. 

4.  Lead  acetate,  yelloio  precipitate  (Pbl2), 

soluble  in  boiling  water,  reprecipitated  as 
spangles  on  cooling. 

5.  Chlorine-water  in  small  amount  and  starch 

paste  give  violet  colour. 

Cyanides  (Salts  of  Hydrocyanic  Acid,  HON  or 
HCy). 

1.  Silver  nitrate,  white  precipitate  (AgCy), 

* Chloroform  will  do  in  place  of  carbon  disulphide  in  these 
tests. 
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soluble  in  excess  of  the  original  solu- 
tion, forming,  when  that  is  KCy,  a double 
cyanide  (AgCy.KCy). 

2.  Boiled  with  potash  and  ferrous  sulphate, 

then  ferric  chloride  and  hydrochloric  acid 
added,  gives  Prussian  blue  (Fe4(FeCy6)3). 

3.  Evaporated  with  ammonium  sulphide,  then 

hydrochloric  acid  and  ferric  chloride  added, 
gives  blood-reel  coloration  (Fe(CyS)3). 

N.B. — The  soluble  cyanides  are  usually  alkaline  in 
reaction,  and  contain  more  or  less  carbonate,  which 
causes  barium  chloride  to  give  a precipitate,  and  is 
often  a source  of  error  to  the  student.  The  odour 
of  cyanide  is,  however,  characteristic  enough  to 
prevent  the  solution  being  returned  as  a carbonate. 

Sulphides  (Salts  of  Hydric  Sulphide,  H2S). 

1.  Silver  nitrate,  black  precipitate  (Ag2S),  in- 

soluble in  ammonium  hydrate. 

2.  Lead  acetate,  black  precipitate  (PbS). 

3.  HC1  evolves  hydric  sulphide , and  frequently 

precipitates  sulphur.  The  H2S  may  be 
detected  by  smell , and  by  browning  action 
on  paper  soaked  in  lead  acetate  solution. 

4.  Sodium  nitroprusside  (Na2FeNOCy5)  gives 

a violet  colour . (This  reaction  is  not  given 
by  free  H2S.) 

Hydrates  (type,  Caustic  Potash,  KOH). 

1.  Silver  nitrate,  grey -broivn  precipitate  (Ag20), 
soluble  in  ammonium  hydrate. 

N.B. — This  test  will  therefore  not  be 
given  by  ammonium  hydrate  except  in 
very  strong  silver  solutions. 
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2.  Lead  acetate,  white  precipitate  (Pb(OH)2). 

3.  Copper  sulphate,  blue  precipitate  (Cu(OH)2), 

blackens  on  boiling  (CuO)  if  excess  of  the 
hydrate  is  present. 

4.  Ferric  chloride,  red  - brown  precipitate 

(Fe(OH)3). 

N.B. — Caustic  alkalies  often  contain 
carbonate. 

Acid  Radicals  not  precipitated  by  Silver  Nitrate . 

Nitrates  (Salts  of  Nitric  Acid,  HN03). 

1.  Both  barium  and  silver  nitrates  give  no 

precipitate. 

2.  Warmed  with  strong  sulphuric  acid  and  a 

piece  of  copper  foil,  brown  fumes  are 
observed,  and  the  liquid  turns  blue. 

3.  Mixed  with  excess  of  strong  sulphuric  acid 

and  thoroughly  cooled,  then  ferrous  sul- 
phate solution  poured  carefully  on  the  sur- 
face, a black  ring  (2FeS04N0)  is  produced. 

Acetates  (Salts  of  Acetic  Acid,  HC2H302). 

1.  Both  barium  and  silver  nitrates  gi^  no 

precipitate.  ± 

2.  Warmed  with  strong  sulphuric  acid^ives  off 

an  odour  of  vinegar. 

3.  As  in  No.  2,  but  with  previous  addition  of 

alcohol,  gives  an  odour  of  acetic  ether 
(C2H5C2H302). 

4.  A neutral  acetate  gives  a dark  red  colour 

with  ferric  chloride,  which  changes  to  a 
red  precipitate  upon  boiling. 


24 


Neutral  Organic  Substances . 

Urea  (CO(NH2)2). 

1.  Boiled  with  strong  potash,  yields  ammonia 

— notice  the  smell,  and  confirm  with  moist 
red  litmus  paper  held  in  the  gas. 

2.  Strong  solutions,  with  strong  nitric  acid,  give 

a crystalline  precipitate  (CO(NH2)2,HNO.j). 

3.  Sodium  hypobromite  gives  effervescence 

(nitrogen). 

4.  On  evaporating  to  dryness  and  strongly 

heating,  no  charring  occurs,  but  solid 
residue  gradually  volatilizes. 

5.  Mercuric  nitrate  gives  a white  precipitate. 

6.  Nitrous  acid  gives  off  C02,  which  renders 

lime-water  milky. 

Glucose  (C6H1206). 

1.  Boiled  with  potash,  turns  brown. 

2.  Potash  and  copper  sulphate  give  deep  blue 

colour , which  on  boiling  becomes  a red  pre- 
cipitate (Cu20). 

3.  Strong  sulphuric  acid,  on  warming,  chars 

the  solution. 

4.  On  evaporating  to  dryness  and  strongly 

heating,  the  solid  residue  chars  and  burns 
away. 

Sucrose  (C12H22On). 

1.  Not  affected  by  boiling  with  potash  (see 

Glucose). 

2.  Potash  and  copper  sulphate  give  deep  blue 

colour , but  no  reduction  (see  Glucose). 

3.  Boiled  with  dilute  hydrochloric  acid  and 

neutralized,  the  solution  will  reduce  potash 
and  copper  sulphate. 

4.  See  No.  4,  Glucose* 
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EXAMINATION  OF  A SIMPLE  SALT  GIVEN  IN 
THE  SOLID  STATE. 

Take  a small  portion  of  the  original  powder, 
about  the  size  of  a pea,  in  a test-tube,  add  2 inches 
of  water,  shake,  and  boil  for  a couple  of  minutes. 
If  a portion  of  the  substance  has  dissolved,  filter, 
and  examine  the  filtrate  as  in  the  case  of  a simple 
solution  ; of  course,  if  the  whole  dissolves,  no  filtra- 
tion is  necessary.  If  the  powder  is  quite  insoluble 
in  water,  take  a fresh  portion  of  the  same  bulk, 
boil  with  about  half  an  inch  of  strong  hydrochloric 
acid,  and,  if  a solution  is  obtained,  dilute  with  five 
times  its  bulk  of  water,  then  test  portions  of  this 
solution  for  base  and  acid.  If  insoluble  in  hydro- 
chloric acid,  a fresh  portion  should  be  boiled  with 
about  the  same  amount  of  strong  nitric  acid,  and, 
when  solution  is  obtained,  the  excess  of  acid  re- 
moved by  further  boiling  (as  it  interferes  con- 
siderably with  certain  tests),  five  times  its  bulk  of 
water  added,  and  the  liquid  examined  as  before. 

The  student  should  notice  carefully  any  gas 
evolved  when  hydrochloric  acid  is  added,  as  the 
acid  radical  is  frequently  detected  here.  He  should 
also  bear  in  mind  that  when  hydrochloric  acid  is 
added,  the  solution  contains  a chloride , and  that 
when  nitric  acid  is  added  a nitrate  is  produced,  and 
also  in  the  latter  case  oxidation  may  have  taken 
place  ; e.g.,  a mercurous  becomes  a mercuric  salt. 

Carbonates  insoluble  in  water  may  be  detected  by 
the  addition  of  HC1,  when  strong  effervescence 
takes  place,  the  gas  having  no  smell  and  giving  an. 
opalescence  when  poured  into  a test-tube  containing 
an  inch  of  lime-water  (Ca(OH)2). 

Sulphides  insoluble  in  water  may  be  detected  by 
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the  fact  that  they  give  off  hydric  sulphide  (H2S) 
when  treated  with  HC1  (may  require  heat).  This 
gas  can  be  recognised  by  its  smell  of  rotten  eggs, 
and  also  by  its  staining  brown-black  a piece  of 
paper  soaked  in  acetate  of  lead  solution. 

Metals  may  be  detected  frequently  by  their  colour 
and  appearance,  and  sometimes  by  evolving  hydro- 
gen when  treated  with  HC1,  or  oxides  of  nitrogen 
with  HN03. 

Oxides,  when  treated  with  acid,  dissolve  without 
evolution  of  gas  (unless  traces  of  carbonate  or  other 
impurities  are  present).  The  liquid  will  give  re- 
actions for  no  acid  except  the  one  added  to  effect 
solution. 

An  insoluble  body  suspected  of  being  a chloride, 
bromide,  or  iodide  may  be  heated  in  the  dry  state 
with  Mn02and  strong  H2S04  to  obtain  the  halogen. 
This  may  be  confirmed  by  shaking  the  powder  with 
chlorine-water  and  chloroform  or  carbon  disul- 
phide. 

A LIST  OF  A FEW  SALTS  OFFERING  SPECIAL 
DIFFICULTIES. 

Arsenious  oxide  (As406),  a white  heavy  powder; 
when  boiled  with  water,  part  dissolves,  but  part 
floats  persistently,  and  may  give  the  student  the 
idea  that  none  has  dissolved. 

Mercurous  chloride  (HgCl),  a yellowish-white 
heavy  powder,  turns  black  if  NH4OH  is  added  to  it. 
Dissolves  sparingly  in  HC1,  more  readily  in  HNO,, 
evolving  brown  fumes  in  the  latter  case,  and  under- 
going oxidation,  finally  giving  a solution  of  mer- 
curic chloride  and  nitrate — 

6HgCl  + 8HNO:j  = 3Hg(NO,)2  + 3HgCl2  + 2NO  + 4H20. 
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Antimony  oxide  (Sb203). 

Antimony  oxychloride  (SbOCl). 

Bismuth  chloride  (BiCl3). 

Bismuth  oxychloride  (BiOCl). 

Bismuth  oxide  (Bi203). 

Bismuth  oxynitrate  (BiON03). 

All  these  bodies  require  acid  to  dissolve  them. 
The  presence  of  nitric  acid  may  be  detected  in  the 
HC1  solution,  and  the  chlorine  tested  for  by  heat- 
ing the  original  powder  with  Mn02  + H2S04,  or  by 
dissolving  in  nitric  acid  and  adding  silver  nitrate. 

Precipitated  copper,  a black  powder  with  red 
tinge,  insoluble  in  HC1  (compare  CuO),  dissolves  in 
HNOb  with  red  fumes. 

White  precipitate  powder  (HgClNH2),  insoluble 
in  water,  dissolves  in  HC1,  forming  HgCl2  and 
NH4C1.  Where  HgCl2  is  found  in  solution  under 
these  conditions,  examine  the  original  powder  for 
ammonia  by  warming  with  NaOH,  and  for  chlorine 
by  heating  with  Mn02  and  H2S04. 

Antimony  sulphide  (Sb2S3),  a slate-black  powder, 
dissolves  in  warm  HC1,  evolving  H2S.  Unless  the 
solution  so  prepared  is  thoroughly  boiled,  the  H2S 
will  not  be  completely  expelled,  and  on  addition  of 
water  an  orange  precipitate  of  Sb2S3  will  form. 
When  boiled  thoroughly,  water  should  be  added, 
and  also  some  more  HC1  to  prevent  any  formation 
of  a precipitate  of  oxychloride  of  antimony. 

Mercuric  sulphate  (HgS04),  a white  crystalline 
heavy  powder.  On  addition  of  water,  turns  yellow, 
owing  to  formation  of  a basic  insoluble  sulphate 
(HgS04.2Hg0),  whilst  an  acid  soluble  sulphate 
(HgS04  2H2S04)  dissolves.  The  whole  powder  dis- 
solves readily  in  HC1. 
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Mercuric  sulphide  (HgS),  a crimson  or  black 
powder,  appears  to  be  insoluble  in  HC1,  but  on 
boiling  with  the  latter  evolves  a little  H2S,  which 
can  be  detected  by  the  blackening  it  produces  on  a 
piece  of  paper  soaked  in  lead  acetate  solution.  If 
a few  drops  of  HN03  be  now  added  to  the  strong 
HC1,  and  the  mixture  boiled,  the  sulphide  becomes 
oxidized  to  sulphate,  and  dissolves.  The  sulphate 
can  be  detected  in  the  solution  by  means  of 
Ba2N03. 

Mercuric  iodide,  a crimson  powder,  when  boiled 
with  HN03  gives  violet  fumes  of  iodine,  proved  by 
holding  a piece  of  paper  soaked  in  starch  solution  in 
the  gas  ; the  fumes  turn  it  blue.  The  powder  dis- 
solves in  HC1  + HN03. 

Mercuric  cyanide,  soluble  in  water,  gives  both 
H2S  and  SnCl2  reactions  for  mercury,  but  most 
tests  do  not  succeed.  The  Prussian  blue  test  proves 
the  presence  of  cyanide,  as  also  does  the  smell  of 
HCN,  which  is  evolved  when  the  solid  or  solution 
is  treated  with  HC1. 

INSOLUBLE  PHOSPHATES,  OXALATES  AND 
TARTRATES. 

These  bodies  dissolve  in  hydrochloric  acid,  but 
on  addition  of  ammonium  hydrate  give  a white  pre- 
cipitate (consisting  of  the  original  salt),  which  may 
be  mistaken  for  aluminium  hydrate.  Consequently, 
when  a white  precipitate  has  been  obtained  in 
Group  C (metals),  it  is  as  well  to  test  the  original 
substance  for  phosphate,  oxalate,  and  tartrate  as 
follows,  and,  if  a negative  result  is  obtained, 
aluminium  may  be  assumed  to  be  present  : 

Phosphate. — Dissolve  original  substance  in  nitric 
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acid,  add  ammonium  molybdate  and  warm  ; a yellow 
precipitate  is  formed. 

Oxalate. — Heat  the  solid  with  strong  sulphuric 
acid  ; no  charring  takes  place,  but  CO  is  evolved, 
and  burns  with  a blue  flame  when  ignited  at  the  end 
of  the  test-tube. 

Tartrate. — Heat  the  solid  with  strong  sulphuric 
acid;  charring  takes  place,  and  S02,  as  well  as  CO, 
is  evolved.  The  original  solid  also  chars  when 
ignited,  and  smells  of  burnt  sugar. 

If  a phosphate,  oxalate,  or  tartrate  is  found 
under  these  conditions,  proceed  as  follows  : — 

(a)  Heat  the  original  powder  with  anhydrous 
sodium  carbonate,  extract  the  mass  with  water, 
and  filter.  The  residue  will  be  the  carbonate  of 
the  metal,  and  this  can  be  dissolved  in  HC1,  and 
the  base  detected  in  the  ordinary  way. 

Or 

( b ) To  the  hydrochloric  acid  solution  add  am- 
monium hydrate  until  a precipitate  forms,  then 
acetic  acid  to  dissolve  this ; finally  add  sodium 
acetate  and  ferric  chloride  drop  by  drop  until  the 
liquid  is  distinctly  red.  The  mixture  should  be 
then  boiled,  and  filtered  whilst  boiling.  This  filtrate 
will  give  the  reactions  for  the  metal  present,  and 
will  be  free  from  phosphate,  oxalate,  or  tartrate. 

PRELIMINARY  EXAMINATION  OF  A SIMPLE 

SALT. 

I.  Try  the  effect  on  litmus-paper — 

(a)  Strongly  acid . See  (II.  b)  below. 

(b)  Strongly  alkaline , a hydrate,  carbonate, 

phosphate,  arsenite  or  arsenate  of  an 
alkali  metal  is  probably  present. 
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II.  To  original  solution  add  Sodium  Carbonate 
Solution  :* 

(a)  Precipitate  indicates  a salt  of  a heavy  metal . 

In  this  case  proceed  through  Table  of 
Metal  Groups. 

( b ) Effervescence  (but  no  precipitate)  indicates  a 

free  acid,  an  acid-salt  of  sodium,  potassium, 
or  ammonium,  or  possibly  arsenious  acid  in 
hydrochloric  acid.  Test  with  HC1  + H3S 
for  arsenic,  and  if  no  result,  evaporate  to 
dryness,  test  for  sodium,  potassium,  or 
ammonium,  and  if  no  result  proceed  to 
Acid  Table. 

(c)  No  precipitate  and  no  effervescence  indicates 

a neutral  salt  of  sodium,  potassium,  or 
ammonium ; or  possibly  an  arsenic  salt, 
tartar  emetic,  glucose,  sucrose,  or  urea. 
Evaporate  to  dryness  and  strongly  heat 
a very  little  of  the  solution ; notice  any 
charring  and  smell  of  burnt  sugar,  which 
would  indicate  the  presence  of  glucose, 
sucrose,  tartar  emetic,  or  an  organic  salt  of 
sodium,  potassium,  or  ammonium.  Test 
with  HC1  + H2S  for  antimony  or  arsenic, 
and,  if  these  are  present  or  absent,  pro- 
ceed to  sodium,  potassium  and  am- 
monium, and  thence  follow  the  table. 

If  all  metals  are  absent,  test  separately 
for  glucose,  sucrose  and  urea. 


* This  does  not  apply  to  the  hydrochloric  or  nitric  acid  solu- 
tion of  a substance  insoluble  in  water. 
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SEPARATION  TABLE. 

N.B. — Add  the  reagent  in  every  case  to  the 
original  solution , unless  the  contrary  is  specially 
stated. 

GROUP  TESTS  FOR  METALS. 

A,  Hydrochloric  acid  gives  a white  precipitate, 
which,  on  addition  of  ammonium  hydrate, 


Dissolves 

Blackens 

j Remains  unaffected. 

Silver. 

KI  gives  whitish- 
yellow  precipitate. 

K.2Cr04  gives  red  pre- 
cipitate. 

Mercurous. 

K I gives  yellow -green 
precipitate. 

SnCl2  gives  white  pre- 
cipitate changing 
to  black. 

Lead. 

KI  gives  bright  yellow 
precipitate,  soluble 
in  boiling  water. 

KoCrOj  gives  yellow 
precipitate,  soluble 
in  NaOH. 

If  hydrochloric  acid  gives  no  precipitate,  or  one 
dissolving  in  excess  of  acid,  pass  to  Table  B. 
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B.  Add  to  the  solution  containing  the  Hydro- 
chloric Acid  some  Hydric  Sulphide  (H2S),  at  first 
drop  by  drop,  but  finally  excess,  and  warm, 


Canary- 

yellow 

Precipitate. 

White, 
changing 
Yellow , 
Orange , and 
finally  Black 
Precipitate. 

Orange 

Precipitate. 

Brown 

Precipitate. 

Black  Pr 
Add  NaO 
ginal  so 

Blue  Pre- 
cipitate. 

ecipitate. 

H to  ori- 
lution. 

White  Pre- 
cipitate. 

Arsenic 

1 (Arsen  io  us 
salts). 

Yellow  pre- 
cipitate, 
dissolves 
' at  once  in 
| NH4OH. 

j N.B.-Ar- 
! seme-salts 
1 are  only  pre- 
cipitated 
I after  long 
'boiling  and 
much  H2S. 

Mercuric. 

KI,  scarlet 
precipitate. 

SnClo,i  white 
to  black 
precipitate. 

Antimony. 

NH4OH, 
white  pre- 
cipitate. 

Rein  sch’s 
test. 

Bismuth. 

KI,  brown 
precipitate. 

NaOH, 
white  pre- 
cipitate. 

Copper. 

NH4OH, 
dark  blue 
colora- 
tion. 

K4FeCy6. 

chocolate 

precipi- 

tate. 

Lead. 

KI,  bright 
yellow 
precipi-  ; 
hate,  sol.  j 
in  boiling| 
water. 

If  HC1  + H2S  give  no  precipitate  or  an  indefinite 
milky  precipitate,  pass  to  Table  C. 


C.  Add  to  the  original  solution  Ammonium  Chlo- 
ride and  then  Ammonium  Hydrate  in  excess, 


White 

Precipitate 

(insoluble  in 
excess). 

Dirty-green 
Precipitate . 

Red-hroicn 

Precipitate. 

No  Precipitate. 

Add  Ammonium  Sulphide 

to  same  solution. 

White 

Precipitate. 

No 

Precipitate. 

Aluminium. 

K4FeCyB,  no 
precipitate. 

N.B.  — See 
note  on  in- 
soluble phos- 
phates, etc., 

p.  28. 

Ferrous. 

K4FeCy6,  pale 
blue  precipi- 
tate. 

K3FeCy6,  dark 
blue  precipi- 
tate (Turn- 
bull’s blue). 

Ferric. 

K4FeCy6,  dark 
blue  (Prussian 
blue)  precipi- 
tate. 

K3FeCy6,  olive 
colour. 

Zinc. 

K4FeCy6, 
white  gela- 
tinous pre- 
cipitate. 

K3FeCyB, 
yellow  pre- 
cipitate. 

Pass  to 
Table  D. 
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D.  Add  to  the  original  solution  Ammonium  Chlo- 
ride + Ammonium  Hydrate  + Ammonium  Carbonate, 


! 

White  Precipitate. 

No  Precipitate. 

Add  to  same  solution  Sodium 
Phosphate. 

White  Crystalline 
Precipitate. 

No 

Precipitate. 

1 

Barium. 

CaSO.}  gives 
white  precipi- 
tate. 

K2Cr04,  yellow 
precipitate. 

Calcium. 

CaSC>4  gives  no 
precipitate. 

(NH4)2C204, 
white  precipi- 
tate. 

Magnesium. 

The  original  solid,  or,  in 
case  of  a solution,  the 
residue  obtained  after 
evaporation,  mixed 

with  Na2C03,  ignited 
on  charcoal,  moistened 
with  Co2N03,and  again 
heated,  gives  pink 
mass. 

Pass  to 
Table  E. 

E.  Warm  original  solution  with  Sodium  Hydrate 
solution, 


Smell  of 
Ammonia. 

The  gas  turns 
red  litmus 
blue. 


Ammonium. 

Nessler’s  re- 
agent, red 
precipitate. 


No  Smell. 

Evaporate  a portion  to  dryness,  heat  to  red- 
ness, white  residue  left, 


Potassium. 

Moisten  with  HC1  and  try 
Flame  test  with  platinum 
wire, 

violet. 

The  residue,  obtained 
on  evaporation,  dissolved 
in  a small  amount  of 
water,  and  shaken  with 
a little  strong  tartaric 
acid  solution,  gives  a 
crystalline  precipitate , in- 
creased by  the  addition 
of  a little  alcohol. 


Sodium. 

Flame  test  (see 
Potassium), 

intense  yelloio. 
Does  not  give  a 
crystalline  pre- 
cipitate when 
shaken  with  tar- 
taric acid  solu- 
tion ( compare 

Potassium). 


If  no  metal 
has  been  I 
! detected, 

I test  for 
free  acid 


or  organic 
substance. 


3 
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GROUP  TESTS  FOR  ACID  RADICALS  AND 
NEUTRAL  ORGANIC  SUBSTANCES. 

Note. — In  the  case  of  a Sulphide  or  Carbonate, 
insoluble  in  water,  and  that  has  required  the  addi- 
tion of  acid  to  effect  solution,  the  acid-radical  should 
have  been  already  detected,  as  of  course  it  cannot 
be  found  in  the  solution  so  prepared.  For  notes  on 
these  and  other  insoluble  bodies,  see  pages  25-29. 

Evaporate  a small  portion  of  the  original  solution 
to  dryness  and  strongly  heat  the  residue. 

I.  Charring  and  smell  of  burnt  sugar  indicates  : 

Tartrates  (neutral  or  acid,  but  not  sweet, 
to  taste).  Confirm  with  silver  mirror 
test.  ( N.B . — This  test  does  not  succeed 
with  tartar  emetic.) 

Glucose  (sweet  to  taste).  Confirm  with 
Trommer’s  test,  (CuS04  + KOH 
warmed  with  the  solution  suffers  re- 
duction). 

Sucrose  (sweet  to  taste).  Trommer’s  test 
does  not  give  reduction.  But  if  the  test 
is  applied  after  the  solution  has  been 
boiled  with  dilute  acid  and  then  neu- 
tralized, reduction  of  the  copper  salt 
takes  place. 

II.  No  charring.  Test  solution  with  litmus,  and, 
if  strongly  acid,  add  ammonium  hydrate  in  slight 
excess,  filter  from  any  precipitate  that  may  form, 
and  examine  the  filtrate  as  given  in  Group  A on 
next  page  ; but  if  neutral,  alkaline,  or  faintly  acid, 
proceed  to  this  Group  without  addition  of  ammonia. 
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Group  A. 


To  the  original  solution  or  the  ammoniacal  filtrate 
(see  previous  page)  add, 

BARIUM  NITRATE.* 


( 


( Sulphates. — Pb(C2H302)2 
in  j to  original  solution 
gives  white  precipi- 
tate. 

Carbonates.  — Gas 
evolved,  passed  into 
lime  - water,  renders 
latter  milky. 

White  pre-  f Oxalates.  — NH4OH  + 

cipitate  ] CaCl2to  original  solu- 

tion gives  ivhite  pre- 
cipitate insoluble  in 
acetic  acid. 

Phosphates.  — NH4OH  + 
CaCl2  to  original  solu- 
tion gives  lohite  pre- 
cipitate soluble  in 
acetic  acid. 

* Barium  chloride  may  be  used,  as  a rule,  instead  of  barium 
nitrate,  except  in  the  case  of  metals  of  Group  A. 


Insoluble 

HC1 


Soluble  with 
effervescence-^ 
in  HOI 


Soluble  with- 
out effer- 
vescence in 
HC1 
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Group  B. 


If  Barium  Nitrate  has  given  no  precipitate,  add  to 
the  original  solution  : 


SILVER  NITRATE. 


White  or  yclloicish- 
white  precipitate, 

insoluble  inHN03, 
but  soluble  in 
NH4OH  (rather 
sparingly  so  in  the 
case  of  bromides) 


''Chloride. — Precipitate  is  in- 
soluble in  excess  of  original 
solution.  (Original  solution 
shaken  with  chlorine-water 
and  CS2:  the  latter  remains 
uncoloured.) 

Bromide.  — Precipitate  is  in- 
soluble in  excess  of  original 
solution.  (Original  solution 
shaken  with  chlorine-water 
and  CS2 : the  latter  is 
coloured  orange-red.) 
Cyanide.  — Precipitate  is 
soluble  in  excess  of  original 
solution. 

Confirm  by  the  Prussian 
^ blue  test  (p.  22). 


Yellowish-white  pre-  ( Iodide.  — Original  solution 
cipitate , insoluble  ' shaken  with  chlorine-water 
in  both  HN03  anc^  I and  CS2 : the  latter  is 
NH4OH  ( coloured  violet. 


Black  precipitate 


f Sulphide  — Lead  acetate  to  original 
\ solution  : black  precipitate. 


Brown-black  pre-  (Hydrate. — Lead  acetate  to  original 
cipitate  \ solution  : white  precipitate. 
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No  precipitate 


^Nitrate. — Original  solution  + 
strong  H2S04,  cooled,  and 
FeS04  solution  poured  in 
carefully,  gives  a black  ring 
(destroyed  by  heat). 

Acetate.  — Original  solution 
warmed  with  strong  H2S04 
gives  a smell  of  vinegar. 

Urea. — Original  solution  with 
' NaBrO  gives  evolution  of 
gas  (nitrogen);  and  if  a 
portion  of  the  original  solu- 
tion is  concentrated  to  a 
few  drops,  and  treated  with 
a little  strong  HNOs,  a 
crystalline  precipitate 
(C0(NH2)2.HN03) 
is  formed. 


Note. — Whenever  a salt  has  been  detected  by 
this  Separation  Table,  the  result  should  be  con- 
firmed by  the  special  tests  for  metals  and  acids 
given  on  pages  9 24. 
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PREPARATIONS. 

General  Notes. 

If  the  substance  to  be  prepared  is  insoluble  in 
water,  the  usual  method  is  to  precipitate  a soluble 
salt  of  the  metal  with  a solution  of  either  the  sodium, 
potassium  or  ammonium  salt  of  the  acid.  The  pre- 
cipitate so  obtained  is  allowed  to  stand  a few 
minutes  and  filtered,  the  residue  being  washed,  as 
far  as  time  will  allow,  with  water,  the  latter  being 
generally  warmed,  except  in  one  or  two  preparations 
(< e.g .,  cupric  hydrate)  where  hot  water  would  alter 
the  body  produced. 

If,  however,  the  preparation  is  soluble  in  water, 
the  usual  method  is  to  take  a carbonate,  oxide,  or 
the  metal  itself,  and  treat  this  with  the  free  acid 
required  until  the  solution  is  neutral.  The  liquid  is 
then  evaporated  down  until  a crust  of  crystals 
appears ; a little  hot  water  is  added  to  dissolve  this, 
and  the  liquid  set  aside  to  crystallize  out.  It  some- 
times happens,  however,  that  the  crystals  are  almost 
as  soluble  in  cold  as  in  hot  water  (e.g.,  sodium 
chloride),  and  in  such  a case  the  best  plan  is  to  take 
the  solution  almost  to  dryness,  and  then  drain  the 
crystals  from  the  residual  liquid. 

The  various  vessels  (flasks,  beakers,  basins, 
funnels,  etc.)  used  in  making  the  preparations 
should  be  thoroughly  cleaned  as  soon  as  the  opera- 
tion is  completed,  being  again  rinsed  with  distilled 
water  before  another  preparation  is  commenced. 

When  pouring  from  one  vessel  to  another,  always 
use  a rod,  down  which  the  liquid  should  be  allowed 
to  run. 

When  washing  a precipitate  in  a beaker,  etc.,  by 
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decantation,  be  careful  to  avoid  getting  much  of  it 
on  the  filter  until  the  last  washing,  otherwise  the 
rapidity  of  filtration  will  be  decreased. 

All  solutions  used  in  making  a preparation  should 
be  quite  clear ; if  this  is  not  the  case,  filter  before 
you  proceed  further. 

Crystals  containing  water  in  the  molecule  (e.g. , 
zinc  sulphate,  ZnS04.7H20)  should  not  be  heated 
on  the  air-bath,  as  they  will  lose  water  and  the 
crystalline  character  will  be  destroyed. 

As  soon  as  a preparation  has  been  made  its  re- 
actions and  degree  of  purity  should  be  determined 
by  carefully  testing  a small  portion  of  the  salt. 

CHEMICAL  PREPARATIONS. 

1.  Cupric  Sulphate,  CuS04.5H20. 

(a)  From  cupric  oxide  : 

CuO  + H2S04 = CuS04  + H20. 

Boil  about  50  cc.  of  diluted  sulphuric  acid  (about 
1 in  5)  in  a beaker,  and  drop  in  small  portions  of 
cupric  oxide  from  time  to  time,  until  the  latter  just 
ceases  to  be  dissolved.  Then  filter  the  hot  solution, 
and  concentrate  the  blue  filtrate  until  a thin  crust 
begins  to  form  ; add  about  2 cc.  of  water  to  re- 
dissolve latter,  again  boil,  and  then  allow  to  cool 
slowly.  Drain  the  crystals,  and  dry  on  porous 
paper. 

(b)  From  copper : 

Cu  + 2H2S04  = CuS04  + 2H20  + S02. 

Place  about  4 grms.  of  copper  turnings  in  a flask, 
and  add  about  16  cc.  of  strong  sulphuric  acid. 
Heat  cautiously  in  a fume  chamber  until  the  sulphur 
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dioxide  almost  ceases  to  be  evolved,  and  dense 
clouds  of  sulphuric  acid  appear ; then  allow  to  cool. 
When  quite  cold,  add  about  30  cc.  of  water,  boil, 
filter,  and  concentrate,  etc.,  as  in  previous  prepara- 
tion. 

2.  Cupric  Oxide,  CuO. 

(а)  From  copper  sulphate  : 

CuS04  + 2KOH  = Cu(0H)o  + K.,S04.  \ 

Cu(0H)2-H20  (by  boiling)  = CuO.  ‘ ' J 

About  5 grms.  of  copper  sulphate  are  dissolved  in 
water,  and  the  solution  precipitated  with  strong 
potash  solution  in  slight  excess,  boiled  until  the 
precipitate  is  quite  black,  filtered  and  washed  with 
hot  water  until  free  from  sulphate  (filtrate  tested 
from  time  to  time  with  barium  chloride).  The  pre- 
cipitate is  dried  in  the  air-bath,  or  scraped  off  the 
paper  into  a dish,  strongly  heated,  and  finally 
powdered. 

(б)  From  copper : 

3Cu  + 8HNO-,  = 3Cu2N03  + 2NO  + 4H..O.  \ 

2Cu2N03  *'=2Cu0  + 4N02  + 02.  " J 

About  3 grms.  of  copper  turnings  are  placed  in  a 
beaker,  just  covered  with  water,  and  nitric  acid 
gradually  poured  on  from  time  to  time  until  the 
metal  is  dissolved.  The  solution  so  prepared  is 
transferred  to  a porcelain  basin  and  evaporated  to 
dryness,  and  strongly  heated.  The  residue  of  cupric 
oxide  is  powdered. 

3.  Cupric  Hydrate,  Cu(OH)2. 

CuS04  + 2KOH  = Cu(OH)2  + K2S04. 

A solution  of  cupric  sulphate  is  prepared  by  dis- 
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solving  5 grms.  of  the  crystallised  salt  in  water, 
cooled  thoroughly,  and  precipitated  with  potash 
solution,  avoiding  excess  of  the  latter  ; this  precipi- 
tate is  filtered  through  a cloth,  washed  with  cold 
ivater , pressed,  and  then  air-dried  on  a porous  plate, 
or  on  absorbent  paper. 

4.  Cuprous  Oxide,  Cu20. 

CuS04  + 2KOH  = Cu(OH)2  + K2S04.  \ 

2Cu(OH)2  - 0 (by  glucose)  = Cu20  + 2H20.  J 

A cold  solution  of  cupric  sulphate  is  made  as  in 
the  last  two  preparations,  and  is  treated  with  potash 
solution  in  slight  excess.  A glucose  solution  (about 
10  per  cent.)  is  then  added  gradually,  the  mixture 
being  meanwhile  stirred  until  the  blue  precipitate 
dissolves  to  a dark-blue  coloration.  The  solution  is 
heated  to  boiling  for  a few  minutes,  the  precipitate 
allowed  to  settle,  and  then  the  supernatant  liquid  is 
decanted.  The  red  precipitate  is  well  washed  with 
boiling  water  by  decantation,  filtered  through  filter- 
paper,  dried  quickly  in  the  air-bath  at  100°  C.  and 
powdered. 

5.  Lead  Nitrate,  Pb2N03. 

(a)  From  lead  : 

3Pb  + 8HN03  = 3Pb2N03  + 4H20  + 2NO. 

Place  about  25  cc.  of  diluted  nitric  acid  (1  in  3) 
in  a flask,  and  raise  to  boiling-point ; whilst  boil- 
ing drop  carefully  in  from  time  to  time  small  pieces 
of  granulated  lead  until  the  latter  ceases  to  be 
acted  upon.  Filter  into  a beaker,  whilst  hot, 
through  a filter-paper,  and  concentrate  the  filtrate 
until  crystals  begin  to  appear  in  the  liquid  ; then  add 
just  sufficient  hot  water  to  dissolve  these,  and  set 
the  liquid  aside  to  crystallize  out.  When  quite 
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cold,  drain  the  crystals,  and  press  them  between  dry 
filter-paper. 

( b ) From  lead  oxide  : 

PbO  + 2HN03  = Pb2N03  + H.,0. 

Proceed  exactly  as  in  (a),  but  substitute  the 
litharge  provided  for  the  lead. 

6.  Lead  Chloride,  PbCl2. 

Pb2N03  + 2HC1  = PbCl2  4-  2HN03. 

About  5 grms.  of  lead  nitrate  are  dissolved  in 
water  containing  a few  drops  of  nitric  acid,  and  the 
solution  is  precipitated  with  hydrochloric  acid  in 
slight  excess.  The  precipitate  is  washed  once  or 
twice  with  cold  water  by  decantation,  filtered 
through  calico,  pressed,  and  then  dried  in  the  water- 
bath.  If  desired,  the  precipitate  can  be  dissolved 
in  the  minimum  amount  of  boiling  water  and  crys- 
tallized out  by  cooling. 

N.B. — If  metallic  lead,  or  litharge,  is  given  for 
this  preparation,  the  nitrate  of  lead  is  made  first 
(see  Preparation  5). 

7.  Lead  Iodide,  Pbl2. 

Pb(C2H302)2  + 2KI  = Pbl2  + 2KCoH302. 

N.B. — Lead  nitrate  will  do  equally  well  for  the 
preparation,  but  should  litharge  or  metallic  lead  be 
given,  the  nitrate  should  be  prepared  first  (see 
Preparation  5). 

Dissolve  about  5 grms.  of  the  lead  acetate  pro- 
vided in  warm  water  containing  a few  drops  of 
nitric  or  acetic  acid.  Add  potassium  iodide  solution 
(about  10  per  cent.)  in  slight  excess,  boil,  adding 
water  and  boiling  from  time  to  time  until  the  yellow* 

* If  the  latter  is  pale  in  colour  (due  to  basic  salt)  a few  more 
drops  of  nitric  or  acetic  acid  should  be  added. 


43 


precipitate  has  dissolved.  Then  allow  the  solution 
to  cool  slowly  and  crystallize  out.  When  cold,  pour 
the  liquid  off  the  crystals,  and  wash  the  latter  with 
cold  water,  filter  and  air-dry  on  paper,  or  place  in  a 
bottle  with  a little  distilled  water.  The  crystals 
should  be  in  the  form  of  fine  golden  spangles. 

8.  Ammonium  Chloride,  NH4C1. 

NH4OH  + HCl = NH4C1  + H20. 

Place  about  20  cc.  of  strong  ammonia  solution 
(•880)  in  a beaker,  dilute  with  an  equal  amount  of 
distilled  water,  and  carefully  add  diluted  hydro- 
chloric acid  (1  in  2)  until  the  solution  is  neutral 
and  ceases  to  smell  of  ammonia.  Boil  down  until 
a film  begins  to  form,  redissolve  this  in  a few 
drops  of  hot  water,  and  set  aside  to  crystallize  out. 
Drain  the  crystals,  and  dry  them  on  absorbent 
paper. 

9.  Ammonium  Oxalate,  (NH4)2C204. 

2NH4OH  + H2C204  = ( NH4)2C204  + 2H20. 

Dissolve  about  4 grms.  of  oxalic  acid  in  hot  water 
(about  20  cc.),  and  carefully  add  ammonia  solution 
(•880  specific  gravity,  diluted  with  an  equal  amount 
of  water),  stirring  from  time  to  time  until  the  liquid 
is  neutral  or  faintly  alkaline.  Concentrate  the 
solution  until  crystals  begin  to  appear,  then  set 
aside  to  allow  them  to  form,  finally  draining  them 
when  cold  and  drying  on  absorbent  paper. 

10.  Urea  Oxalate,  2C0(NH2)2*H2C204. 

2CO(NH2)2  + H2C204  = 2C0(NH2)2*H2C204. 

Weigh  out  2 grms.  of  urea  and  2 grms.  of  oxalic 
acid  (H2C204'2H20),  dissolve  each  separately  in  the 
minimum  amount  of  boiling  water ; mix  the  solu- 
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tions,  when  a mass  of  crystals  of  the  oxalate  will  be 
precipitated.  Redissolve  these  in  boiling  water, 
about  3 cc.  more  than  is  actually  required  to  effect 
solution,  and  allow  to  recrystallize  slowly.  When 
quite  cold,  drain  off,  and  dry  the  crystals  between 
filter-paper. 

11.  Potassium  Nitrate,  KN03. 

K2C03  + 2HN03 = 0KNO3  + HoO  + COo, 
or  K0H  + HN03  ‘=kN03  + H.,0. 

Dissolve  about  5 grms.  of  potassium  carbonate  or 
hydrate  in  20  cc.  of  water  in  a beaker.  Dilute  some 
nitric  acid  with  an  equal  volume  of  water,  and  pour 
this  carefully  into  the  potash  solution,  testing  with 
litmus-paper  from  time  to  time  until  neutral  or  very 
faintly  acid.  Boil  down  until  a film  begins  to 
form,  redissolve  this  by  adding  about  2 cc.  of  water 
and  boiling,  then  set  aside  to  crystallize  out.  Drain 
and  dry  the  crystals  as  in  Preparation  10. 

12.  Mercuric  Oxide,  HgO. 

(a)  Yellow  : 

HgCl,  + 2KOH  - HgO  + 2KC1  + H,0. 

Dissolve  about  3 grms.  of  mercuric  chloride  in 
70  cc.  of  hot  water,  and  allow  to  cool.  Dissolve 
5 grms.  of  caustic  potash  in  about  50  cc.  of  water, 
and  add  this  solution  when  cold  to  the  mercuric 
chloride  until  the  latter  becomes  alkaline  and  the 
precipitate  formed  is  bright  yellow.  Wash  once  or 
twice  with  cold  water  by  decantation,  filter  through 
cloth,  press,  dry  off  on  water-bath,  and  finally 
powder. 

(b)  Red  : 


2Hg2N03  = 2HgO  + 4N02  + 02. 
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The  mercuric  nitrate*  (5  grms.)  is  heated  in  an 
open  basin  until  all  nitrous  fumes  cease  to  be  evolved. 
The  residue,  almost  black  whilst  hot,  should  become 
red  when  cold.  If  heated  for  too  long  a time  the 
oxide  itself  disappears  as  mercury  and  oxygen. 

13.  Mercuric  Iodide,  Hgl2. 

HgCI2  + 2KI  = Hgl2  + 2KC1. 

Make  a solution  of  mercuric  chloride  in  water,  as 
in  Preparation  12  ( a ),  and  divide  into  two  equal 
portions.  Dissolve  5 grms.  of  potassium  iodide  in 
water,  and  add  this  solution  to  one  portion  of  the 
former  until  the  red  precipitate  first  formed  just 
redissolves  again,  then  add  the  second  half  of  the 
mercuric  solution,  when  the  red  precipitate  will  be 
formed  once  more.  Wash  with  cold  water  once  or 
twice  by  decantation,  filter  through  calico,  dry  in 
the  air-bath,  and  powder. 

14.  Zinc  Sulphate,  ZnS04.7H20. 

Zn  + H2S04  = ZnS04  + H2. 

Place  about  5 grms.  of  zinc  in  a small  flask  or 
beaker,  add  about  20  cc.  of  water  and  a few  drops 
of  strong  sulphuric  acid.  Hydrogen  will  be  given 
off,  and  the  zinc  will  dissolve.  When  the  action 
diminishes,  add  a few  more  drops  of  acid,  and  con- 
tinue this  from  time  to  time,  warming  the  solution, 
until  the  metal  has  almost  entirely  dissolved. 
Filter  whilst  quite  hot  from  the  black  particles, 
concentrate  the  filtrate  until  a film  begins  to 
appear,  and  set  aside  to  crystallize  out.  The 

* The  mercuric  nitrate  may  be  prepared  from  mercury  by 
boiling  the  latter  with  nitric  acid  and  2 or  3 cc.  of  water  until 
dissolved.  Upon  cooling  this  solution  the  nitrate  will  crystal- 
lize out,  or  if  evaporated  to  dryness  and  heated  strongly,  it  gives 
the  red  oxide. 
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crystals  may  be  improved  by  adding  about  2 cc.  of 
water,  redissolving  with  the  aid  of  heat,  and  allow- 
ing the  solution  to  recrystallize  by  slow  cooling  and 
spontaneous  evaporation. 

N.B. — Zinc  oxide  or  carbonate  may  be  used  in 
place  of  the  metal ; in  these  cases  follow  the  direc- 
tions given  for  magnesium  sulphate. 

15.  Magnesium  Sulphate,  MgS04.7H20. 

MgC03  + H2S04  = MgS04  + C02  + H20. 

Take  about  5 grms.  of  magnesium  carbonate, 
cover  with  about  20  cc.  of  water,  and  add  diluted 
sulphuric  acid  (1  to  2)  carefully  from  time  to  time 
until  the  whole  has  dissolved  and  the  solution  is 
neutral  or  very  faintly  acid.  Filter  if  necessary, 
and  concentrate  until  a film  of  crystals  begins  to 
appear,  and  then  proceed  as  in  the  preparation  of 
zinc  sulphate  (No.  14). 

16.  Barium  Nitrate,  Ba2N03. 

BaC03  + 2HN03  = Ba2N03  + C02  + H20. 

In  this  preparation  proceed  as  in  the  case  of 
magnesium  sulphate,  using  barium  carbonate  and 
nitric  acid  in  the  place  of  magnesium  carbonate  and 
sulphuric  acid.  After  filtering  the  solution,  if  neces- 
sary, concentrate  until  small  crystals  appear  in  the 
liquid ; then  stop  heating,  and  set  aside  to  crystallize 
out.  These  crystals  may  be  obtained  larger  by  re- 
crystallization, if  about  2 or  3 cc.  of  water  are  added 
and  the  liquid  warmed  to  redissolve  them. 

N.B.— Barium  oxide  or  hydrate  may  be  used 
instead  of  the  carbonate. 

Equations  : 

BaO  + 2HN03  = Ba2NO,  + H.,0, 

ov  Ba(OH)2  + 2HN03  = Ba2N03  + 2H..O. 


* 
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A strong  hot  solution  of  barium  chloride  treated 
with  strong  nitric  acid  also  gives  a precipitate  of 
barium  nitrate,  which  can  be  filtered,  dissolved  in 
hot  water,  and  recrystallized. 

BaClo  + 2HN  03  = Ba2N03  + 2HC1. 

17.  Calcium  Sulphate,  CaS04.2H20  ; or  anhydrous, 
CaS04. 

CaC03  + 2HC1  = CaCl2  + H20  + C02. 

CaCl2  + H2S04  = CaS04  + 2HCl. 

In  this  preparation  it  is  best  to  dissolve  the 
calcium  carbonate  provided  (about  4 grms.)  in 
hydrochloric  acid  first.  The  acid  should  be  added 
carefully  until  solution  just  takes  place.  Sulphuric 
acid  (1  to  2)  is  then  added  drop  by  drop  until 
further  precipitation  ceases,  the  precipitate  being 
washed  with  successive  small  portions  of  cold  water, 
and  finally  dried  in  the  porcelain  basin  over  the 
Bunsen  flame  and  powdered. 

18.  Calcium  Phosphate.  Ca3P208. 

CaC03  + 2HC1  = CaCJ9  + H20  + C02. 

3CaCl2  + 2Na2HP04  + 2NaOH  = Ca?P208  + 6NaCl  + 2H20. 

The  marble  or  other  form  of  calcium  carbonate 
provided  (about  5 grms.)  is  dissolved  in  diluted  HC1 
(1  to  2),  and  the  solution  of  calcium  chloride  so  pre- 
pared is  precipitated  with  a strong  solution  of  sodium 
phosphate  (containing  12  grms.  of  crystallized  phos- 
phate, Na2HP04.12K20),  and  a solution  of  caustic 
soda  (about  10  per  cent.)  is  added  until  no  further 
precipitation  takes  place.  The  mixture  is  raised  to 
boiling,  being  well  stirred  meanwhile  to  prevent 
bumping,  and  boiled  for  five  minutes.  This  is  filtered 
while  hot,  the  precipitate  washed  with  hot  water, 
dried  in  the  air-bath,  or  removed  from  the  filter- 
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paper  and  dried  by  heating  in  a porcelain  basin.  The 
residue  should  finally  be  powdered. 

19.  Iron  Phosphate. 

(a)  Ferrous  Phosphate,  Fe3P208. 

3FeS04  + 2Na,HP04  + 2NaOH  = Fe3P208  + 3Na2S04  + 2H20. 

If  metallic  iron  is  given,  this  should  be  dissolved 
in  dilute  hydrochloric  acid,  and  the  ferrous  chloride 
so  prepared  treated  like  the  ferrous  sulphate. 

Fe  + 2HC1 = FeCl2  + H2. 

3FeCJ2  + 2Na2H  P04  + 2NaOH  = Fe3P;08  + 6NaCl  + 2H20. 

In  the  case  of  either  ferrous  sulphate  or  chloride 
the  details  are  the  same  as  in  the  preparation  of 
calcium  phosphate,  except  that  the  operation  should 
be  conducted  as  speedily  as  possible,  and  recently- 
boiled  distilled  water  used  for  washing,  etc.,  to 
prevent  oxidation  to  ferric  phosphate. 

(b)  Ferric  Phosphate,  FeP04. 

FeCl3  + Na2HP04  -f  NaOH  = FeP04  + 3NaCl  + H20. 

If  ferric  phosphate  is  required,  proceed  as  above, 
but  use  ferric  chloride  in  place  of  ferrous  chloride. 

20.  Bismuth  Carbonate,  Bi202C03,  or 

2Bi203.Bi2(C0s)3. 

Bi  + 4HNG3  = Bi(N08)a  + 2ff.,0  + NO . 

2Bi(N03)3  + 3(NH4)2C03=  Bi202C03  + 2C02  + 6NH4N03. 

The  bismuth  provided  (2  grms.)  is  dissolved  in 
nitric  acid,  containing  one-third  its  bulk  of  water,  by 
the  aid  of  heat.  The  nitrate  of  bismuth  so  prepared 
is  diluted  with  water  and  more  nitric  acid,  and  this 
solution  is  poured  carefully  into  a solution  of 
ammonium  carbonate,  previously  prepared  by  dis- 
solving 20  grms.  of  the  crystals  in  water.  The 
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precipitate  that  forms  is  allowed  to  settle,  the  clear 
upper  liquid  poured  off,  and  the  former  washed  by 
decantation,  filtered  through  a piece  of  calico,  dried 
in  the  air-bath,  and  powdered. 

21.  Magnesium  Carbonate,  3MgC03.Mg(0H)2. 

4MgS04  + 4Na0C03  + H„0  = 3MgC03.  Mg(OH)0  + 4Na2S04 

+ co2. 

The  sulphate  of  magnesia  (5  grms.)  is  dissolved  in 
water,  and  precipitated  by  a solution  of  sodium 
carbonate  (6  grms.),  the  latter  being  carefully  added 
until  further  precipitation  ceases.  The  mixture  is 
boiled  and  filtered  hot,  the  precipitate  washed  with 
hot  water,  dried  on  the  water-bath,  and  powdered. 

22.  Sodium  Sulphate,  Na2SO4.10H2O. 

(a)  From  sodium  carbonate  : 

Na2C03  4-  H2S04  = Na2S04  + C02  + H20. 

The  crystallized  carbonate  of  soda  (10  grms.)  is 
dissolved  in  20  cc.  of  hot  water  and  cooled,  and 
3 cc.  of  this  solution  placed  in  a test-tube.  About 
3 cc.  of  strong  sulphuric  acid  are  diluted  with  four 
times  their  bulk  of  water,  and  carefully  added  to  the 
bulk  of  the  soda  solution  until  the  latter  is  just  acid 
to  litmus-paper.  The  remainder  of  the  soda  solution 
is  then  added  drop  by  drop  until  the  reaction  is 
quite  neutral.  The  liquid,  filtered  if  necessary,  is 
concentrated  until  a crust  begins  to  appear ; this  is 
dissolved  by  the  addition  of  a few  drops  of  water  and 
by  boiling,  the  solution  being  then  set  aside  to  crystal- 
lize out.  When  quite  cold,  the  crystals  are  drained 
and  dried  on  filter-paper. 
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( b ) From  sodium  chloride  : 

NaCl  + H,S04  = NaHS04  + HC1  ) 

NaCl  + NaHS04= Na2S04  + HC1  { 

The  sodium  chloride  should  be  covered  with  a 
slight  excess  of  diluted  sulphuric  acid  (1  in  2)  and 
strongly  heated  in  the  fume  chamber  until  vapour 
ceases  to  be  evolved.  When  cold  the  residue  may 
be  dissolved  in  the  minimum  amount  of  boiling  water 
and  recrystallised. 

23.  Sodium  Carbonate,  Na2CO.> ; or  crystallized, 

Na2CO3.10H2O. 

C02  + NaOH  = NaHCO,. 

2NaHC03  =Na2C03  + C02  + H20. 

Place  some  small  pieces  of  marble  in  a Wolff’s  bottle 
provided  with  a thistle  funnel  and  a gas-delivery  tube, 
cover  with  water,  and  add  HC1  in  small  portions  at 
a time  down  the  funnel  to  secure  a steady  evolution 
of  C02.  Pass  this  gas  through  a solution  of  sodium 
hydrate  (5  grms.  dissolved  in  about  15  cc.  of  water) 
until  the  C02  is  no  longer  absorbed.  Then  boil  the 
solution  down  to  dryness,  and  strongly  heat  the 
residue  of  NaHC03  for  five  or  ten  minutes  to  convert 
it  to  Na2C03.  When  cool,  dissolve  in  least  amount 
of  boiling  water  and  crystallize  out,  or  else  powder 
the  dry  residue  and  show  up  as  anhydrous  sodium 
carbonate. 

24.  Sodium  Hydrate,  NaOH. 

Na2C03  + Ca(OH)2  = CaC03  + 2NaOH. 

Dissolve  10  grms.  of  sodium  carbonate  crystals  in 
about  40  cc.  of  water,  and  raise  the  solution  to 
boiling.  Stir  up  about  8 grms.  of  slaked  lime  with 
an  equal  bulk  of  water,  and  pour  this  into  the 
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boiling  carbonate  solution  with  constant  stirring. 
Allow  the  whole  to  boil  for  ten  minutes,  filter  whilst 
hot,  and  concentrate  the  filtrate  in  a porcelain,  or, 
better,  a nickel  or  iron  basin,  almost  to  dryness. 
Sodium  hydrate  will  then  separate  out  as  a solid 
mass,  which  can  be  broken  up  and  placed  in  a 
corked  bottle. 

25.  Sodium  Chloride,  NaCl. 

Na2C03  + 2HC1  = 2NaCl  + C02  + H20. 

About  20  grms.  of  crystallized  carbonate  of  soda 
are  dissolved  in  hot  water  (about  20  cc.)  in  a basin 
by  the  aid  of  heat.  Hydrochloric  acid  (20  cc.)  is 
then  carefully  added  to  the  solution  until  the  latter 
is  neutral  or  very  faintly  acid  to  litmus.  The  solu- 
tion of  salt  so  prepared  is  evaporated  down  in  the 
basin  almost  to  dryness,  filtered,  and  the  crystals, 
after  being  squeezed  between  filter-paper,  are  dried 
in  a clean  porcelain  dish  over  a small  flame. 

26.  Calcium  Carbonate,  CaC03. 

CaCJ2  + Na2C03  = CaC03  + 2NaCl. 

Dissolve  about  5 grms.  of  calcium  chloride  in 
30  cc.  of  water  and  raise  the  solution  to  boiling 
point.  Whilst  boiling  add  a solution  of  carbonate 
of  soda  (15  grms.  of  crystallised  salt)  in  small 
portions  at  a time  until  precipitation  ceases  to  take 
place.  Boil,  with  constant  stirring,  for  5 minutes 
and  filter  through  filter-paper  or  calico.  Wash 
once  or  twice  with  hot  water,  dry  in  the  air  bath  or 
in  a porcelain  basin  over  a low  flame  and  powder. 

Note. — If  marble  or  limestone  is  given,  this 
should  be  dissolved  in  hydrochloric  acid  first,  and 
the  solution  treated  as  above. 
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A LIST  OF  SALTS  OF  THE  PRECEDING  ACIDS 

AND  METALS  ARRANGED  WITH  REFER- 
ENCE TO  THEIR  SOLUBILITY  IN  WATER. 

Soluble  in  Water. 

All  sodium,  potassium  and  ammonium  salts, 
glucose,  sucrose,  urea,  and  the  free  acids. 

Acetates  and  nitrates  * 

Chlorides ,*  except  silver,  lead  and  mercurous. 

Bromides,  except  silver , lead  and  mercurous. 

Iodides,  except  silver,  lead,  mercurous,  mercuric, 
copper,  and  bismuth. 

Sulphates,  except  lead  and  barium,  but  silver 
and  mercurous  are  not  very  soluble. 

Insoluble  in  Water. 

The  following  salts  of  metals  other  than  sodium, 

potassium  and  ammonium : 

Arsenites,  arsenates , phosphates , and  car- 
bonates,t metals  in  the  free  state. 

Sulphides,  except  magnesium,  calcium  and 
barium  (ordinary  impure  calcium  sulphide  is 
insoluble). 

Hydrates  and  oxides,  except  calcium  and  barium 
(magnesium  oxide  is  also  very  sparingly 
soluble  in  water). 

Cyanides,  except  mercuric , calcium,  barium, 
and  magnesium. 

* The  student  should  remember  that  antimony  chloride  and 
bismuth  nitrate  and  chloride  react  with  water  to  form  white 
oxy-salts,  which  require  the  addition  of  acid  to  render  them 
soluble. 

t Certain  carbonates  (e.g.,  calcium,  magnesium,  etc.)  are 
soluble  in  water  containing  carbon  dioxide,  but  are  precipitated 
on  boiling  the  solution. 


Tartrates , except  aluminium , tartar  emetic 
(antimony -potassium  tartrate) , mm,  copper , 
magnesium , and  mercurous  (the  last  three  are 
very  sparingly  soluble). 

Oxalates , except  mm  and  antimony , which  are 
slightly  soluble. 
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EQUATIONS. 

Various  Reactions  given  in  the  foregoing  Analytical 
Tables  and  Preparations. 

Silver. 

AgN03  4 HC1  = AgCl  + HN03. 

2AgN03  4 H.,S  = Ag.,S  4 2HN03. 

AgNO , 4 KI  = Agl  + KN03.  ' 

2 AgN03  4 KoCr04  = Ag2Cr204  4 2KN03. 

3 AgN03  4-  Na,HP04 = Ag3P04  4-  H N03  + 2NaN03. 


Lead. 


Pb2N03  4 2HC1 
3Pb4  8HN03 
Pb(CoH3Oo)9  4 H.)S 
Pb(C2H302)2  4 2KI 
Pb(CoHo02)2+K2Cr04: 
Pb(CoH30o),  + H,S04  : 
Pb2N03  + 2KOH 


PbCl2  + 2HN03. 
3Pb2N03  4 2NO  4 4H.,0. 
PbS  4 2HC2H30.>. 

Pbl0  4 2KC2H30.,. 
PbCr04  4-  2KC3H302. 
PbS04  + 2HC,H302.“ 
Pb(OH).,  + 2KKOr 


Mercurous  Salts. 

Hg2(N03)2  4-  2HC1  = 2HgCl  4 2HN03. 

2HgCl  4 2NH40  H = NH4C1 4 NH.,Hg.,Cl  4 2H.X>. 
Hg2(N03),  + H,S  = Hg2S  4 2HN03.  “ 

Hgo(N03)2  4 2KI  = H&folo  4 2KN03. 

HgoCl2  4 SnClo  = 2Hg  4 SnCl4. 

6HgCl  4 8HN03  = 3Hg(NOs)o  4 3HgCl2  4 2NO  4 4H..O. 


Mercuric  Salts. 

3Hg4  8HN03 
2Hg(N03)2 
HgCl24  2KOH 
2HgCU  SnOL, 
Hg012  4 2KI 
HgCl.>  4 HoS 


= 3Hg(N03)2  4 2NO  4 4H..0 
= 2HgO  4 4NO.,  4 Oo. 

= HgO  4 2KC1 4 H20. 

= 2HgCl  4 SnCl4. 

= Hgl04  2KC1. 

= HgS4  2HCI, 


HgClNH.,  4 2HC1  = HgCI2  4 NH4C1. 
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Bismuth. 


Bi  + 4HN03  = Bi3NOs  + 2H,0  + NO. 

2Bi3NOs  + 3(NH4)2C03  = Bi202C03  + 2C02  + 6NH4N03. 


BiCl3  + H20 
BiCl3  + 3KOH 
2BiCl3  + 3K9Cr04 
BiCl3-|-3KI 
2Bi(N03)3+3H,S 


= BiOCl  + 2HCl. 

= Bi(OH)3  + 3KCl. 

= Bi2(0r04)8+6K01. 
= Bil3  + 3KC1. 

= Bi2S3  -f  6HN  03. 


Copper. 

Ca  + 2H.,S04 
3Cu  + 8HNO, 


= CuS04  + SOo  + 2H20. 

= 3Cu2N03  + 2NO  + 4H20. 


2Cu2N03  (heated  strongly)  = 2CuO  + 4N  02  + 02. 


CuS04  + 2KOH 
Cu(0H)2-H.20 
2CuS04  + K4FeCy6 
CuS04  + H2S 

Antimony. 

SbCl3  + H20 
2SbCl3  + 3H9S 
2SbCl3  + 6KOH 


Cu(0H)9  + K2S04. 

= CuO. 

= Cu9FeCy6  + 2K2S04. 
= CuS  + H,S04. 


= SbOCl + 2HCI. 

= SbsS3+6HCl. 

Sb.,03  + 6KC1  + 3H90. 


K(Sb0)C4H406  + HC1  = KHC4H406  + SbOCl. 
SbOCl  + 2HC1  = SbCl3  + H00. 


Arsenious  Acid. 


As406  + 6H90 


4H3AsO.?. 


H3AsG3  + 3 AgN 03  + 3NH4OH  - 3NH4N03  + 3H,0  + Ag3As03. 
H3AsO,  + CuS04  + 2NH4OH  = (NH4)2S04+  CuHAs03+ 2H„0. 
2H3As63  + 3H9S  - As2S3  + 6H20. 

H3  As03  + BaClo  + 2NH4OH  = 2NH4C1  + BaHAs03. 


Arsenic  Acid. 


As205  + 3H20  = 2H3As04. 

2H3As04  + 5H9S  (after  long  time)  = As2S3  + 8H20  + 2S. 

H3As04  + 3AgN03  + 3NH4OH  - 3NH4N03  + Ag3As04  + 3H00. 
3NH4OH  + MgS04  + H3As04  = MgNH4As04  + (NH4)2S04  - 

+ 3HoO. 

3 BaClo  + 2H3As04  + 6NH4OH  =Ba32As04  + 6NH4C1  + 6H90. 
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Aluminium. 

A1C13  + 3NH4OH  = Al(OH)a  + 3NH4C1. 

A101a  + Na.,HP04  = A1P04  + 2NaCl  + HC1, 

K2S04.  A12(S04)3  + 6NH4OH  — KoS04  + 2 A1(0H)3  + 3(NH4)2S04. 
2A1018  + 3(NH4)oS  -i  6H.,0  = 2A1(0H)3  + 6NH4C1  + 3H*S. 


Ferric  Salts. 

FeClg  + 3NH4OH 
2FeCl3  + 3H2S 
or  2Fe018  + 3(NH4),S 
4FeCl3  + 3K4FeCy6 
FeCl3  + 3KCyS 


==  Fe(OH  )3  + 3NH4C1. 

= 2FeS  + 6HC1  + S.  ) 

= 2FeS  + 6NH4C1  + S.  \ 


= Fe4(FeOy6)3+  12KC1. 

= Fe(CyS)3  + 3KC1. 

FeCl3  + Na2HP04+Na0H  = FeP04  + 3NaCl  + H,0. 
2FeCl3  + 3Na2C03  + 3H00  = 2Fe(OH),  + 3C09  + 6NaCl. 


Ferrous  Salts. 

FeS04  + 2NH40H 
2Fe(0H)o  + H20  + 0 
FeS04  + (NH4),S 
3F  eCl2  + 2K8F  eby6 
FeCl2  + K4FeCy6 


= Fe(0H)o  + (NH4)2S04. 
= 2Fe(OH)3. 

= FeS  + (NH4)2S04. 

— Fe3(FeCy6)2  + 6KC1. 

= K2Fe2Cy6  + 2KC1. 


3FeS04  + 2Na2HP04  + 2NaOH  = Fe3(P04)2  + 3Na2S04  + 2 H20. 


Zinc. 

ZnS04+  (NH4)2S  = ZnS  + (NH4),S04. 

2ZiiS04  + K4FeCy6  = Zn.,FeCy6  + 2K0S04. 
3ZiiS04  + 2K,FeOyfi  = Zn3(FeCy6)2  + 3K9S04. 
Zn  + HoS04  “ = ZnS04  + Ho. 

Zn003  + H2S04  = ZnS04  + H90  + CO.,. 

ZnO  + H.,S04  = ZnS04  + H.,0. 


Barium. 

BaC03  + 2HN03  = Ba(N03)2  + H.,0  + CO.,. 

Ba(N03)o  + (NH4)cC03 = BaC03  + 2NH4N03. 
Ba(N03)2  + K2Cr04  = BaCr64  + 2KN03. 

BaClo  + H.,S04  = BaS04  + 2HC1. 


Calcium. 

CaC03  f-  2HC1  = CaCL,  + CO.,  + H.,0. 

CaCl.,  + ( NH4)oC03  = CaC03  + 2NH4Cl. 

CaCl2  -r  (NH4)2C204  = CaC.,04  4-  2NH4C1. 

3CaClo  + 2Na.,HP04  + 2NaOH = Ca3(P04)o  + 6NaCl , 
CaCl2  + H2S04  - CaS04  + 2HC1. 
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Magnesium. 

4MgS04  + 4Na2C03  + H.,0  = 3MgC03.Mg(0H)2  + 4Na,,S04 

+ COo. 

MgCOs  + H9S04  = MgS04  + H20  + CO.,. 

3MgS04  + 2Na0HP04  = Mg3(P04)*  + 2Na9S04  + H2S04. 

MgS04  + Na2HP04  + NH4OH  = MgNH4P04  + Na:2S04  + H20. 

Ammonium. 

NH4C1  + NaOH  = Nad  + NH3  + HoO. 

NH4OH  + HC1  = NH4C1  + H20. 

2NH4OH  + H2C204  = (NH4)9C204  + 2HoO. 

NH4C1  + H2C4H406  = NH4HC4H406  + HC1. 

Potassium. 

KOI  + H2C4H406  = KHC4H406  + KOI. 

2KC1  + PtCl4  =K2PtCl6. 

K>C03  + 2HN03  = 2KN03  + C02  + H20. 

2KI  + Cl2  =2KCl  -fl2 

Sodium. 

NaOH  + C02  = NaHC03. 

2NaHC03  (heated)  = Na2C03  + C0o  + H20. 

NaCl  + NH4HC03  = NaHCOg  + NH4C1. 

NaCl  + H2S04  ' =NaHS04+HCl.  ) 

NaCl  + NaHS04  = Na2S04  + HCl  \ 

Urea. 

2CO(NH0)2  + H2C204  = 2C0(NH2)2*H2C204. 

CO(NH2)2  + 2KOH  = K2C03  + 2NH3. 

3KBrO  + KOH  + CO(NH,),  = KHC03  + 3KBr  + 2H.,0  + N2. 
CO(NH2)2+2HNO„  “ " = 2N2  + C02  + 3H20 . 

3CO(NH2)2  (heated")  = C8N8H808  + 3NH8. 

Sucrose  and  Glucose. 

C]2H220n  + H20  (boiling  with  dilute  acid)  = C6H1206  + C6H1206. 
C]2H22On  - 11H20  (boiled  with  strong  H2S04)  = 12C. 
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English  text-bools  on  the  subject.'’ 

PEDDIE’S  NEW  MANUAL  OF  PHYSICS.  The  New 

Edition  of  this  manual  has  been  entirely  rewritten,  so  as  to  fit  it  for 
the  use  of  elementary  as  well  as  advanced  students.  By  W.  Peddie, 
D.Sc.,  E.R.S.E.,  Assistant  Professor  of  Physics  in  the  University  of 
Edinburgh.  (University  Series  of  Manuals.)  Profusely  Illustrated. 
Price  7s.  6d. 

‘ Altogether  worthy  of  praise.  . . . We  have  no  hesitation  in  giving  it 
high  commendation,  feeling  well  satisfied  that  it  meets  a decided  want.’ 
— Nature. 

‘ Dr.  Peddie’s  manual  is  deserving  of  the  highest  praise.’ — Lancet. 

MURRELL’S  PHARMACOLOGY  AND  THERA- 
PEUTICS. A Manual  specially  designed  for  the  Examinations.  By 
Wm.  Murrell,  M.D.,  F.R.C.P.  Lond.,  Physician  to,  and  Lecturer  on 
Pharmacology  and  Therapeutics  at  Westminster  Hospital.  Price 
10s.  6d. 

* The  author’s  genial  style  confers  a glamour  even  on  the  dry  details  of 
pharmacology.’ — Medical  Press  and  Circular. 

‘This  manual  will  become  a favourite  with  Students.’— Edinburgh 
Medical  Journal. 


London:  BAILLIERE,  TINDALL  AND  COX, 
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HAAB  S HAND  ATLAS  OF  OPHTHALMOSCOPY 

AND  OPHTHALMOSCOPIC  DIAGNOSIS.  Translated  and  Edited 
by  Ernest  Clarke,  M.D.  Lond.,  F.R.C.S.,  Surgeon  to  the  Central 
London  Ophthalmic  Hospital,  Ophthalmic  Surgeon  to  the  Miller 
Hospital.  Now  ready,  with  64  Plates  in  Colours.  Price  12s.  6d.  net. 
‘The  cost  of  the  larger  atlases  is  almost  prohibitory,  but  eye  affections 
can  be  studied  here  at  the  cost  of  a few  shillings.’ — Lancet. 

JAKOBS  HAND  ATLAS  OF  THE  NERVOUS 

SYSTEM  : its  Anatomy,  Pathology  and  Therapeutics.  By  Prof. 
Ch.  Jakob,  of  the  University  of  Erlangen.  With  an  Introduction  by 
Prof.  Strumpel.  Authorised  translation  by  Dr.  J.  Collins.  With 
numerous  Coloured  Plates.  Price  12s.  6d.  net. 

CHEMICAL  NOTES  AND  EQUATIONS,  INOR- 
GANIC AND  ORGANIC,  FOR  STUDENTS.  By  G.  H.  Gemmell, 
F.I.C.,  F.C.S.  Price  5s. 

‘Will  save  the  student  much  time  and  purely  mechanical  labour.’— 

Pharmaxeutical  Journal. 

‘ Is  as  condensed  as  it  could  well  be  and  covers  a great  deal  of  ground.’ 

— Chemist  and  Druggist. 

THE  PRINCIPLES  OF  THEORETICAL 

CHEMISTRY,  with  special  reference  to  the  Constitution  of 
Chemical  Compounds.  By  Ira  Remsen,  M.D.,  Ph.D..  Professor 
of  Chemistry  in  the  Johns  Hopkins  University.  Fourth  edition, 
enlarged  and  revised.  Price  7s.  6d. 

A SHORT  MANUAL  OF  ANALYTICAL 

CHEMISTRY  FOR  LABORATORY  USE.  By  John  Miter,  Ph.D., 
M.A.,  F.C.S.  Sixth  edition  revised.  Price  6s.  6d. 

DICTIONARY  OF  THE  ACTIVE  PRINCIPLES  OF 

PLANTS  : Alkaloids.  Bitter  Principles,  Glucosides,  with 
tabular  summary  and  classification  of  Reactions.  By  Charles 
E.  Sohn,  F.I.C.,  F.C.S.  An  entirely  original  book.  Price  10s.  6d. 

DICTIONARY  OF  MEDICINE,  BIOLOGY, 

CHEMISTRY.  AND  ALLIED  SCIENCES,  including  Pronuncia- 
tion, Derivation,  etc.  By  George  M.  Gould,  A.M.,  M.D.  Half- 
morocco.  Price  40s.  net. 

‘ An  epoch-making  work.  The  author  has  spared  no  trouble  in  order 
to  present  and  to  explain  every  technicality.’ — The  Times. 
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THE  STUDENTS’ AIDS  SERIES, 

Specially  designed  to  assist  Students  in  committing 
to  memory  and  grouping  the  subjects  upon 
which  they  are  to  be  examined. 

Published  by 
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AIDS  TO  ANALYSIS  OF  FOOD  AND  DRUGS.  By 

T.  H.  Pearmain  and  C.  G.  Moor,  M.A.,  F.C.S.,  Members  of  the 
Society  of  Public  Analysts.  Price  3s.  6d.  cloth  ; 3s.  paper  wrapper. 

AIDS  TO  ANATOMY.  By  George  Brown,  M.B.C.S., 

and  P.  Macleod  Yearsley,  F.R.C.S.  Seventh  edition.  Price  2s.  6d. 
cloth  ; or  2s.  paper  wrapper. 

AIDS  TO  SURGICAL  ANATOMY.  By  Eugene  S. 

Yonge,  M.B.  Price  2s.  6d.  cloth  ; 2s.  paper. 

AIDS  TO  BIOLOGY.  Part  I. — Elementary  Tissues  and 

Elementary  Organisms  (Protozoa  and  Protophyta).  By  Joseph  W. 
Williams.  Second  edition,  revised,  2s.  6d.  cloth  ; 2s.  paper  wrapper. 

AIDS  TO  BOTANY,  By  C.  E.  Armand  Semple,  B.A., 

M.B.  Cantab.,  M.R.C.P.  Lond.,  late  Senior  Examiner  in  Arts  at 
Apothecaries’  Hall.  Third  Thousand.  2s.  6d.  cloth ; 2s.  paper. 

AIDS  TO  CHEMISTRY.  Eighth  Thousand.  By  the 

same  Author. 

Part  I.— Inorganic  : Non-Metallic  Substances.  2s.  6d.  cloth  ; 2s. 
paper  wrapper. 

Part  II. — Inorganic  : The  Metals.  2s.  6d.  and  2s. 

Part  III. — Organic.  Price  2s.  6d.  and  2s. 

Part  IV.  —Tablets  of  Chemical  Analysis.  Is.  6d.  and  Is. 

AIDS  TO  PRACTICAL  CHEMISTRY.  Especially 

arranged  for  the  Analysis  of  Substances  containing  a Single  Base 
and  Acid  Radicle.  By  T.  Hurd  Gordon.  2s.  Gd.  cloth  ; 2s.  paper. 

AIDS  TO  THE  DIAGNOSIS  AND  TREATMENT  OF 

DISEASES  OF  CHILDREN.  By  John  McCaw,  M.D.,  L.R.C.P. 
Price  3s.  6d.  cloth ; 3s.  paper. 
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AIDS  TO  DENTAL  SURGERY.  By  Arthur  S. 

Underwood,  M.B.,  M.R.C.S.,  Professor  of  Dental  Surgery  in  King’s 
College,  Lecturer  on  Dental  Surgery  at  the  Dental  Hospital  of 
London.  2s.  6d.  cloth  ; 2s.  paper. 

AIDS  TO  DENTAL  ANATOMY  AND  HISTOLOGY. 

By  the  same  Author.  Illustrated.  2s.  Gd.  cloth  ; 2s.  paper. 

AIDS  TO  DIAGNOSIS.  Part  I.— SemeiologicaL  By 

J.  Milner  Fothergill,  M.D.,  M.It.C.P.  Loud.  Is.  Gd.  cloth;  Is. 
paper. 

Part  II. — Physical.  By  J.  C.  Thorowgood,  M.D.,  F.R.C.P.  Lond. 
Is.  6d.  and  Is. 

Part  III. — What  to  ask  the  Patient.  By  J.  Milner  Fotiiergill, 
M.D.,  M.R.C.P.  Lond.  Is.  6d.  and  Is. 

The  three  in  one  vol. , 3s.  6d. 

‘A  mine  of  valuable  information.’ — Edinburgh  Medical  Journal. 

AIDS  TO  EXAMINATIONS.  Being  Questions  and 

Answers  on  Materia  Medica,  Medicine,  Midwifery,  Pathology,  etc. 
By  D.  Walsh,  M.D.,  C.M.,  L.R.C.P.  New  edition.  Price  2s.  6d. 
cloth  ; 2s.  paper  wrapper. 

AIDS  TO  FORENSIC  MEDICINE  AND  TOXI- 
COLOGY. By  Wm.  Murrell,  M.D.,  F.R.C.P.  Lond.,  Physician  to 
Westminster  Hospital.  New  edition.  Price  2s.  Gd.  cloth  ; 2s.  paper 
wrapper. 

AIDS  TO  GYNAECOLOGY.  By  Alfred  Gubb,  M.D. 

Paris,  D.P.H.,  Obstetric  Assistant  and  Gold  Medallist,  Westminster 
Hospital.  New  edition.  Cloth,  2s.  6d.  ; paper  wrapper,  2s. 

AIDS  TO  MATERIA  MEDICA  AND  THERA- 
PEUTICS. By  C.  E.  Armand  Semple,  B.A.,  M.B.  Cantab., 
M.R.C.P.  Lond. 

Part  I. — The  Non-Metallic  and  Metallic  Elements,  Alcoholic  and 
Ethereal  Preparations.  2s.  6d.  cloth  ; and  2s.  paper. 

Part  II.— Vegetable  and  Animal  Substances.  2s.  6d.  and  2s. 

Part  III. — Classification  of  Remedies.  Is.  Gd.  and  Is. 

Part  IV. — New  Remedies.  2s.  Gd.  and  2s. 

Part  V. — Tablets  of  Materia  Medica.  Price  Is.  6d.  and  Is. 

AIDS  TO  OBSTETRICS.  By  Samuel  Nall,  B.A., 

M.B.  Cantab.,  M.R.C.P.  Lond.,  late  House  Physician  and  Resident 
Obstetric  Assistant,  St.  Bartholomew’s  Hospital.  Fifth  edition. 
Cloth,  2s.  6d.;  paper,  2s. 
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AIDS  TO  MEDICINE.  By  Norman  Dalton,  M.D., 

F.R.C.P.  Lond.,  Physician  to  King’s  College  Hospital,  Professor  of 
Pathology  in  King’s  College,  London. 

Part  I.— General  Pathology.  The  Specific  and  General  Diseases. 
Cloth,  2s.  Gd.  ; paper,  2s. 

Part  II.— Diseases  of  Larynx,  Lungs,  Pleurae,  Heart,  Lymphatics, 
Blood,  etc.  2s.  Gd.  and  2s. 

Part  III. — The  Liver,  Pancreas,  Alimentary  Canal,  Kidneys,  etc. 
2s.  Gd.  and  2s. 

Part  IV.— The  Nervous  System,  Diseases  of  the  Ear,  Skin,  etc. 
2s.  Gd.  and  2s. 

AIDS  TO  OPHTHALMIC  MEDICINE  AND 

SURGERY.  By  Jonathan  Hutchinson,  Jun.,  F.R.C.S.  Second 
edition.  Cloth,  2s.  6d.  ; paper,  2s. 

AIDS  TO  OTOLOGY.  By  W.  R.  H.  Stewart,  F.R.C.S. 

Edin.,  Aural  Surgeon  to  the  Great  Northern  Hospital,  etc.  Price 
2s.  6d.,  cloth;  2s.,  paper  wrapper. 

AIDS  TO  PATHOLOGY.  By  Gilbert  A.  Banna- 

1YNF,  M.D. 

GENERAL  PATHOLOGY.  Cloth,  Is.  6d.  ; paper  wrapper,  Is. 
SPECIAL  PATHOLOGY.  Cloth,  2s.  Gd.  ; paper,  2s. 

AIDS  TO  PHARMACY.  By  C.  E.  Armand  Semple, 

B.A.,  M.B.  Cantab.,  M.R.C.P.  London.  Cloth,  2s.  Gd.  ; paper,  2s. 

AIDS  TO  PHYSIOLOGY.  By  B.  Thompson  Lowne, 

F.R.C.S.,  Examiner  in  Physiology,  Royal  College  of  Surgeons. 
Fourth  Thousand.  In  two  parts,  price  2s.  each  ; or  in  one  vol.,  cloth, 
4s.  Gd. 

‘ Certainly  one  of  the  best  of  the  now  popular  Aid  Series.’ — Student's 
Journal. 

AIDS  TO  PRACTICAL  PHYSIOLOGY.  By  J. 

Brindley  James,  M.R.C.S.  Cloth,  Is.  6d.  ; paper,  Is. 

AIDS  TO  PHYSIOLOGICAL  CHEMISTRY.  By  J. 

L.  Thudichum,  M.D.,  F.R.C.P.  Lond.,  formerly  Lecturer  on  Physio- 
logical Chemistry,  St.  Thomas’s  Hospital.  Cloth,  2s.  6d.  ; paper,  2s. 

AIDS  TO  PSYCHOLOGICAL  MEDICINE.  By  Edwin 

Goodall,  M.D.  Lond.  [In  preparation. 
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AIDS  TO  PUBLIC  HEALTH.  By  J.  L.  Thudichum, 

M.D.,  F.R.C.P.  Lond.  New  edition.  Is.  6d.  cloth;  Is.,  paper 
wrapper. 

AIDS  TO  THE  MATHEMATICS  OF  HYGIENE. 

By  R.  Bruce  Ferguson,  M.A.,  M.B.  Price  2s.  6d.  ; 2s. 

AIDS  TO  SANITARY  SCIENCE  FOR  THE  USE  OF 

CANDIDATES  FOR  PUBLIC  HEALTH  QUALIFICATIONS.  By 

F.  J.  Allan,  M.D. , Assistant  Professor  of  Hygiene,  Coll.  State 
Medicine.  236  pp.  Cloth,  4s.  6d.  ; or  in  two  parts,  paper,  2s.  each. 

AIDS  TO  SURGERY.  In  two  parts.  By  George 

Brown,  M.R.C.S.  Is.  6d.  cloth,  and  Is.  paper,  each ; or  in  one  vol., 
cloth,  2s.  Od. 

AIDS  TO  RATIONAL  THERAPEUTICS.  By  J. 

Milner  Fothergill,  M.D.,  M.R.C.P.  LoDd.  2s.  6d.  cloth  ; 2s.  paper. 

REPLIES  TO  QUESTIONS  IN  THERAPEUTICS. 

By  Brindley  James,  M.R.C.S.  Is.  6d.  cloth,  Is.  paper. 

AIDS  TO  ZOOLOGY.  By  Major  Greenwood,  M.D., 

Honours  in  Zoology,  University  of  London.  2s.  6d.  cloth  ; 2s.  paper. 


AIDS  TO  ANALYTICAL  GEOMETRY. 

I.  The  Straight  Line  and  Circle.  By  A.  Le  Sueur,  B.A.  Cantab. 
Second  edition.  Price  2s. 

II.  The  Conic  Sections,  with  Solutions  of  Questions  set  at  the 
London  and  other  University  Examinations.  By  George  Heppel, 
M.A.,  St.  John’s  College,  Cambridge,  Member  of  London  Mathe- 
matical Society.  Price  2s. 
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